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PREFACE TO FIRST EDITION 

The addition of another to the long list of books which have 
been written on evolutionary subjects would hardly be justified 
in the present instance were it not for the fact that the writer is a 
paleontologist, whose viewpoint and the evidence at his disposal 
are therefore materially different from those of the great majority of 
authors who have enriched the literature of evolutionary biology. 
The discussion is not based solely upon existing evidences, but also 
upon the geologic life record, which, although very imperfect com- 
pared with that formerly present, is nevertheless wonderfully rich 
in precept and example such as do not (;ome within the scope of the 
usual methods of instruction. The work aims to be comprehensive 
in its scope, but should make a special appeal to students of the 
past life of our globe. It is hoped, however, that a wider public 
will learn thereby that the science of Paleontology has a unique 
social or human value. 

The work is the out(;ome of twenty-throe years of college teach- 
ing, during the last eleven of which courses more or less closely 
paralleling the substance of the present volume have been offered 
to Yale University students. While the course at Yale has been 
presented in the form of lectures, a text-book, Jordan and Kellogg’s 
Evolution and Animal Life^ has been used for reference, especially 
in the earlier lectures. The use of that excellent work has neces- 
sarily influenced the author’s teaching, and as a consequence the 
writing of the present book, certain chapters of which will be seen 
to parallel somewhat those of Jordan and Kellogg. The writer 
wishes thus to acknowledge his indebtedness to this source. For 
the larger part of the work, the sources vary, the principal refer^ 
ences being given at the close of each chapter. These, collectively, 
form a representative bibliography of the subject from the present 
writer’s point of view. 

Each chapter as it has been written has been referred to one or 
more of the author’s colleagues for criticism, and, so far as possible, 
such criticisms have been met and suggested additions inserted. It 
is hoped that by so doing errors of fact have been in a measure 
eliminated; the final responsibility, however, lies with the author. 
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viii PREFACE TO FIRST EDITION 

I am deeply indebted to my colleagues, Professors Schuchert, 
Barrel!, and Woodruff of Yale University, and to Professor W. K. 
Gregory of Columbia University and the American Museum of 
Natural History for painstaking criticism, as they have collectively 
read and commented upon the entire work. Doctor W. D. Matthew 
of the American Museum, and Professor H. H. Wilder of Smith 
College have also aided me in the text, while I am able through the 
courtesy of President Osborn of the American Museum, the New 
York Zoological Society through Mr. C. W. Beebe, the United 
States National Museum, that of the Academy of Natural Sciences 
of Philadelphia, and the Peabody Museum at Yale to present the 
series of photographs which form the plates. The text-figures, 
which have been taken from many sources, have, with very few 
exceptions, been especially drawn for the book, and are very 
largely the work of Mr. William Baake, which was rendered pos- 
sible through the generosity of the publishers. A very great portion 
of the labor of preparing the manuscript and of seeing it through 
the press has fallen to Miss Clara M. LeVene of the Yale Museum, 
to whom I am especially grateful. 

Richard Swann Lull 

Yale University 
June, 1917 



PREFACE TO REVISED EDITION 

Afteb ten years of service, the Organic Evolution textbook 
began to show signs of senescence, and need of rejuvenescence 
was indicated, both as a result of the advancement of our science 
and of further experience in the presentation of the subject to 
successive Yale classes. Constructive criticism was invited from 
a number of my colleagues, and the request was graciously met 
by Messrs. W. D. Matthew, L. L. Woodruff, G. G. Simpson, C. O. 
Dunbar, and H. B. Ferris. This criticism has been embodied in 
the detailed revision and has, I trust, resulted in a further reduc- 
tion of error and the addition of material of value. One chapter 
has been omitted, others re-arranged as to sequence, and two new 
ones dealing with cetaceans and South American mammal radia- 
tion inserted. I am indebted to the Bodleian Library of Oxford 
University and to the British Museum of Natural History for 
courtesies extended while in residence, during which work on the 
revision was carried on. I am particularly fortunate in having 
the direct assistance of Miss Edna M. Gillette and Miss Clara M. 
LeVene in the preparation of the manuscript and in seeing it 
through the press. 

Richard Swann Lull 

New Haven, Conn. 

September, 1929 
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CHAPTER I 


HISTORY OF EVOLUTION 

The problem of the creation resolves itself into two aspects: the 
origin of the forms of life, and the origin of life itself. It is not 
surprising, therefore, that these great questions should be among 
the earliest recorded speculations of humanity, for life in its varied 
forms comes so close to personal experience. 

Theories of Origin. — Four theories have been advanced to ac- 
count for the existence of the varied kinds of animals and plants 
on earth to-day — theories in some respects diametrically opposed 
to one another, in other respects somewhat in accord. They are: 

1. Eternity of Present Conditions. 

2. Special Creation or Creationism. 

3. Catastrophism with 

a. Repopulation by immigration. 

b. Repopulation by successive creations. 

4. Organic Evolution. 

Theory of Eternity op Present Conditions 

The first theory argues for the unchangeableness of the universe, 
holding not only that organisms have been unalterable throughout 
their existence, but that they have always existed and will continue 
to exist in the same unchanging state throughout eternity. This 
was apparently the belief of very few authorities, for one finds 
almost no allusion to it in the literature of science, although Hutton 
wrote: ^^The result of this physical enquiry is that we find no 
vestige of a beginning — no prospect of an end.’^ Whether this 
should be interpreted as a statement that the world has neither 
beginning nor end is, however, open to question. 

Theory of Special Creation 

The second theory, that of Special Creation, or Creationism, is 
the literal interpretation of the Mosaic account of creation set 
forth in the first chapter of Genesis — a simple story, beautifulljf 
told, derived from the Hebrew tradition and well suited to the 

3 
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state of knowledge of the times and of the people for whom it was 
written. This account, strictly interpreted, has been the teaching, 
not alone of the Hebrew, but of the Christian church authorities 
for many centuries, although the increase of zoological knowledge 
made it harder and harder to reconcile with observed facts, until 
it was replaced by the doctrine of Evolution. 

Suarez. — One of the greatest advocates of the Special Creation 
doctrine during Christian times was Father Suarez (1548-1617), 
a Spanish Jesuit priest, who taught emphatically that ^Hhe world 
was made in six natural days. On the first of these days the materia 
'prima was made out of nothing, to receive afterwards those ^sub- 
stantial forms ^ which moulded it into the universe of things; on 
the third day, the ancestors of all living plants suddenly came into 
being, full-grown, perfect, and possessed of all the properties which 
now distinguish them; while, on the fifth and sixth days, the an- 
cestors of all existing animals were similarly caused to exist in their 
complete and perfect state, by the infusion of their appropriate 
material substantial forms into the matter which had already been 
created. Finally, on the sixth day, the anima rationalis — that 
rational and immortal substantial fonn which is peculiar to man — 
was created out of nothing, and ^ breathed into ^ a mass of matter 
which, till then, was mere dust of the earth, and so man arose. 
But the species man was represented by a solitary male individual, 
until the Creator took out one of his ribs and fashioned it into a 
female (Huxley). 

So profound was Suarez^ influence upon European Catholic 
thought that his teaching continued to be the only orthodox belief 
in Europe until the middle of the nineteenth century. In a similar 
manner John Milton (1608-1674) influenced Protestant thought 
in England by the wondrously written story of the creation in 
Paradise Lost, 

Some advocates of the theory claimed that none of the forms 
had changed in the several thousand years which had elapsed 
since the beginning; but that the latter-day descendants were in 
every way precisely similar to the original pair when they issued 
from the hands of their Creator. Other keen observers, like Lin- 
nseus, thought that all the species of one genus constituted at the 
creation but one form, ah initio unam constituerint speciem; their 
’5‘umber being subsequently increased through intercrossing with 
other species, and the hybrids thus produced forming additional 
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species to those originally created. Linnaeus also held that cer- 
tain forms had lost their pristine character through degeneracy — 
the result of climate and environment. 

Theory of Catastrophism 

Cuvier. — A new complication arose through the discovery of 
older faunas, the remains of which were preserved in the form of 
fossils and which seemed to represent creatures whose existence 
^tedated that of the living types. Cuvier (1769-1832), one of 
the founders of the science of Paleontology, became interested in 
the bones which lay buried in the gypsum quarries in the hill of 
Montmartre within the present limits of the city of Paris. His 
studies of these forms, and especially his reconstructions of their 
skeletons, showed the great anatomist that he was dealing with 
extinct animals which had no existing representatives. Cuvier 
also had, because of his official position in the Jardin des Plantes, 
the opportunity to study hosts of specimens from all parts of the 
earth, and as a result of his research, gave to the world a new 
theory, that of Catastrophism or Cataclysm, to account for the 
extinction of these forms. He is generally accredited with the 
belief that the cataclysms were world-wide and that the slaughter 
of the older fauna necessitated the creation of a new one to take 
its place. That belief, however, was held by later scholars of the 
same school, but apparently not by Cuvier. 

What Cuvier believed was that the catastrophes were local, 
sudden revolutions, such as subsidences of the earth^s crust, 
followed by invasions by the sea of continents once dry;^^ while 
other revolutions resulting in the upheaval of mountain chains 
have again cast back the waters and allowed, on the foundation of 
the dried bottom of the sea, the constitution of continental soils 
favorable to the expansion of new terrestrial faunas; these new 
faunas are not created on the spot, but come from distant regions, 
their migration from which has become possible owing to tem- 
porary bridges between continents'^ (Dep6ret). Cuvier^s belief 
has a great deal of truth in it, except that the revolutions,^^ with 
resulting climatic change and consequent extinctions and immigra- 
tions, have been rapid only in proportion to the length of geologic 
time, but very, very slow as mortals note the flight of years. 

D’Orbigny. — Further knowledge of historical geology led to an 
expansion of the catastrophic belief far beyond the teaching of 



6 


ORGANIC EVOLUTION 


Cuvier, and postulated a re-creation following each cataclysm and 
corresponding to the principal geologic periods. Alcide d’Orbigny 
(1802-1857), writing in the year 1848, expounded this theory as 
follows : 

“The first creation shows itself in the Silurian stage. After its 
annihilation through some geological cause or other, a second crea- 
tion took place a considerable time after in the Devonian stage, 
and, twenty-seven times in succession, distinct creations have come 
to re-people the whole earth with its plants and animals after 
each of the geological disturbances which destroyed everything 
in living nature. Such is the fact, certain but incomprehensible, 
which we confine ourselves to stating, without endeavoring to 
solve the superhuman mystery which envelops it^^ (Deperet). 

Theory OF Organic Evolution 

Evolution is the gradual development from the simple unorgan- 
ized condition of primal matter to the complex structure of the 
physical universe; and in like manner, from the beginning of or- 
ganic life on the habitable planet, a gradual unfolding and branch- 
ing out into all the varied forms of beings which constitute the 
animal and plant kingdoms. The first is called Inorganic, the 
last Organic Evolution, or descent with modification. 

Early Greek Theories. — Organic Evolution is often imagined 
to be a nineteenth century contribution to biologic science, whereas 
the idea is itself the product of an evolution of thought and is the 
fruition of no fewer than twenty-four centuries of speculation and 
research. The germ of the evolutionary idea had its inception 
with the Greeks, whose wonderful fertility of mind has so en- 
riched the world, the first writer to deal with the problem, Anaxi- 
mander, living five and a half centuries before the Christian era. 
Empedocles (495-435 b.c.) may be called the father of Evolution, 
though the Evolution that he taught implied no succession of re- 
lated animals, gradually improving in successive generations, but 
a series of attempts on the part of nature to produce more perfect 
forms, the unfit being eliminated. He is the first to show the pos- 
sibility of the origin of the fittest forms through chance rather than 
through design. 

Another Greek, Democritus (460-?357 b.c.), went further than 
Empedocles in that he taught the adaptations of single structures 
and organs, whereas the latter applied the idea to entire organisms. 
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But by far the most notable figure in Greek philosophy was 
Aristotle (384-322 b.c.), whose versatility as a writer upon all 
aspects of human knowledge was remarkable. In view of the 
limited opportunities for observation possible in those days when 
the teeming host of microscopic forms as well as the extinct crea- 
tures were utterly unknown, the deductions of Aristotle, even 
where he appears to retrogress from the truth, are highly logical. 
He did not believe in Special Creation, nevertheless he postulates 
an intelligent design as the primary cause of the changes which 
have been wrought in nature, and the central thought in his evolu- 
tionary theory, if such it was, is an internal perfecting tendency 
impelling organisms to greater and greater perfection. As a result 
of this, he saw a complete gradation in nature from the mineral 
to the plant, the plant-like animal, the animal with senses and 
hence locomotor powers, and finally man. 

Aristotle considered life a function of the organism, not a sep- 
arate principle, and had an understanding of adaptations and of 
heredity, even of the atavistic heredity wherein an ancestral trait 
reappears in a later descendant after having lain dormant for 
several generations. Osborn says of him: 

Aristotle’s argument for operation of natural law, rather than 
of chance, in the lifeless and in the living world, is a perfectly logi- 
cal one, and his consequent rejection of the hypothesis of the Sur- 
vival of the Fittest, a sound induction from his own limited knowl- 
edge of Nature. ... If he had accepted p]mpedocles’ hypothesis 
[of the origin of the fittest through chance rather than through 
design] he would have been the literal prophet of Darwinism.” 

To summarize, then, the Greeks offered as causes of evolutionary 
change three explanations: , 

1. Intelligent design, 

2. The operation of natural laws implanted by intelligent de- 
sign, 

3. The operation of natural causes due to laws of chance — no 
evidence of design, even in origin. 

Middle Ages. — And now, for hundreds of years, owing largely 
to the repressive measures of the church authorities, though some, 
hke Saint Augustine, would have taught otherwise, the progress 
of the evolutionary idea virtually ceased until the coming of the 
philosophers Bacon, Descartes, Leibnitz, and Kant, and the nat- 
uralists Linnaeus, Buffon, Erasmus and Charles Darwin, E. GeoL 
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froy St. -Hilaire, and Lamarck. The philosophers contributed very 
materially to the problems of causation, but the real proof of 
Evolution lay in the facts concerning animate nature which the 
naturalists gathered and explained. 

Linnaeus. — Among the great naturalists, Linnaeus (1707-1778) 
was a contributor of facts rather than of theory, for his faith in 
the origin of species through Special Creation never wavered, ex- 
cept that he believed in the production of post-creation forms by 
hybridizing or by degeneracy due to climatic change. He was one 
of the first to put systematic zoology on a firm basis and advocated 
the scheme of double Latin names for each clearly defined species 
of animal and plant. Linnaeus^ work, however, proved a great 
stimulus to the research along evolutionary lines which was car- 
ried out by his contemporaries and successors. 

Buffon. — First among these was Buffon (1707-1788), a French 
savant, who, Osborn says, was the naturalist founder of the 
modern applied form of the evolution theory.’^ Buffon lived in a 
time when to express one^s views along lines nbt deemed orthodox 
by ecclesiastical authority might invite serious annoyance or even 
persecution, and he was not of the stuff of which martyrs are made. 
To this may have been due his apparent wavering between Special 
Creation and Evolution. Then, too, he wrote in such a way that, 
as he hoped, his ideas would be appreciated by scientists but 
^‘beyond the reach of the censor and dilettante.” This adds to the 
difficulty of interpretation, as it requires some reading between 
the lines to get his real meaning. 

Buffon's teaching may be briefly summarized thus: The chief 
factor in the mutation of species was “the direct influence of en- 
viromnent in the modification of the structure of animals and 
plants and the conservation of these modifications through hered- 
ity.” The transmission of these acquired characters, however, is 
nowhere expressly stated by Buffon, but is certainly implied. Pack- 
ard tells us that Buffon was not an original investigator, leaving 
no technical papers nor memoirs, but was a brilliant writer and a. 
popularizer of science. His voluminous wprks express not only the 
evolutionary factor which he advanced but ideas on the influence 
of climate on various races of men, the formation of new varieties 
of animals through human intervention (artificial selection), and 
the same results produced by nature through geographical migra- 
tions. Thus he understood the significance of isolation, although 
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he did not expressly state it. Biiffon did, however, record his 
views on the struggle for existence to prevent overcrowding and 
thus to maintain the balance of nature. Herein he anticipates 
Malthus, whose work on human population later proved to be so 
great a stimulus to Darwin and Wallace. Buff on also speaks of the 
elimination of the least perfected species and the contest between 
the fecundity of certain species and their constant destruction. 

Erasmus Darwin (1731-1802) was a country physician, a nat- 
uralist, and a poet of some distinction. He was the grandfather of 
Charles Darwin, to whom he seems to have transmitted the love 
of scie3nce and desire to know what could be learned concerning 
the deeper problems of life. Erasmus’ direct influence upon his 
grandson, however, through the medium of his writings, seems to 
have been slight. 

The elder Darwin’s theory as to the cause of evolution differed 
from that of Buff on in that he did not emphasize the influence of 
the directly acting environment, but believed that modifications 
spring from within by r^^tions of the organism, an idea more 
nearly comparable to that of Lamarck, but going even further than 
the latter’s in being applied to plants as well as to animals. Thus 
he says: ^‘All animals undergo transformations which are in part 
produced by their own exertions, in response to pleasures and 
pains, and many of these acquired forms or propensities are 
transmitted to their posterity.” This is the first time that the 
factor of the inheritance of acquired modifications is clearly stated. 

Erasmus Darwin emphasizes the fierce struggle for existence 
which, he says, checks the rapid increase of life and thus is ben- 
eficial in the end; hence he just misses the idea of survival of the 
fittest in connection with the struggle for existence. 

Doctor Darwin believed that powers of development were im- 
planted within the original organism by the Creator, and that 
these in turn gave rise to the various adaptations without further 
divine intervention. He does not, however, believe in the internal 
perfecting principle of Aristotle but holds that the power of im- 
provement rests with the animal’s own efforts and that the result 
of these efforts upon the creature’s body can be transmitted to its 
offspring. 

Two distinctly modern conceptions are attributed to Erasmus 
Darwin: the statement of the evolution of all forms of life from a 
single protoplasmic mass, or, as he himself expresses it, from a 
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single filament, capable of being excited into action by various 
kinds of stimuli; and the idea of the immensity of time — millions 
of years — required for the evolution of the organic world. 

Lamarck (1744-1829) was one of the most remarkable as well 
as one of the most pathetic figures in evolutionary history. A man 
of brilliant attainments, yet because of ideas which failed to meet 
the approval of the influential Cuvier, and because of his own 
blindness and poverty, he suffered social ostracism for what he 
thought to be the truth and only received a tardy appreciation 
years after his death. The work of Lamarck as a philosophical 
zoologist parallels that of Erasmus Darwin so closely that it would 
almovst seem as though the latter must have been the inspiration if 
not the source of Lamarck’s thought. The possibility of this, how- 
ever, is stoutly denied by Packard, who states emphatically that 
Lamarck was in no way indebted to Erasmus Darwin for any 
hints or ideas. Charles Darwin notes the similarity when he says: 
“It is curious how largely my grandfather. Dr. Erasmus Darwin, 
anticipated the views and erroneous;^ounds of opinion of La- 
marck.” , ' 

It is the latter’s Philosophie Zoolo^qif^^ published in 1809, which 
parallels Erasmus Darwin’s Zoonomia most closely and contains 
the final statement of the author upon his evolutionary hypothesis, 
which was never developed beyond this point. 

Lamarck’s theory of the evolution of animals was not that 
change was the result of the direct action of the environment, but 
that the latter acted on internal structure through the nervous 
system. Herein he agrees with Erasmus Darwin. The latter went 
still further, however, since he thought that plants could also 
react to environmental stimulus through their sensibility. La- 
marck, on the other hand, thought that plants were directly in- 
fluenced by their .surrounding conditions, so that, while agreeing 
with the elder Darwin in regard to animal evolution, his views on 
that of plants were in accord with those of Buffon. Either theory, 
however, depending as it does upon the changes wrought upon the 
individual^ implies the inheritance of acquired characters, a thing 
which Lamarck assumed and never tried to prove; and, as we shall 
see, the whole fabric of his theory rests upon the possibility or im- 
possibility of this one point: whether the new characteristics im- 
pressed upon the organism during its lifetime can be transmitted 
to its young. 
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Among the notable contributions of Lamarck to the science 
which concerns itself with living things were the term “Biology’^ 
(a word coined simultaneously' by Treviranus) whereby that 
science is now designated; his conception that species vary under 
changing conditions; the theory of the fundamental unity in the 
animal kingdom; and the idea of a progressive and perfecting 
developmoint of animals and plants. This last he says is due to a 
certain order originally imposed upon nature by its Author, which 
is manifest in the successive development of life.j He denied, how- 
ever, any idea of a perfecting principle in nature. In diametric 
opposition to Cuvier ^s teaching, Lamarck denied all catastrophes 
in geology or sudden changes in organic life, but was an advocate 
of tlie Uniformitarian school, believing in a gradual change 
without any sharp breaks either in the continuity of terrestrial 
history or in the evolution of animals and plants. All that is 
needed to effect any evolutionary change, he held, is niatter, 
space, and time. 

/Lamarck also gives us the first real conception of the tree of life, 
or phylogeny. All classifications before his time had been simply 
a numerical succession of zoological groups arranged one above 
another. In Lamarck’s earliest attempt, published in 1802, he uses 
the vertical scale, which Osborn compares to a fir tree with central 
stem and radiating branches; but in 1809 he had arrived at the 
true conception of life as a tree branching from the roots into 
larger and smaller stems. In a later attempt in 1815 his tree is 
still branching, and he has realized the apparent isolation of the 
vertebrates, which present-day authorities are at a loss to connect 
with their invertebrate ancestry. With the development of his 
tree of life came the conception of extinction of past races of ani- 
mals and plants. This Lamarck clearly understood as applied to 
the lower grades of organisms, but he could not imagine how so 
perfect a being as a mastodon could possibly become extinct ex- 
cept through the interference of mankind. He thought that as the 
lower forms evolved into higher or became extinct, they were re- 
placed by the increasing creation of new beings. The persistence 
of certain primitive types was perplexing, but was explained by 
the apparent fact that in their own peculiar environment there 
had been but little change, and changing conditions were a sine 
qua non of evolution.^ 

In summing up Lamarck’s work, one must account for the small- 
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ness of his influence upon evolutionary thought, for he had but a 
single follower in all France. Locally, Cuvier’s prestige and his 
own blindness, which rendered" his retirement necessary, were 
largely responsible. As Osborn says: Lamarck, as a naturalist, 
exhibited exceptional powers of definition and description, while 
in his philosophical writings upon Evolution, his speculation far 
outran his qj^servations, and his theory suffered from the absurd 
illustrations which he brought forward in support of it. . . . His 
critics spread the impression that he believed animals acquired 
new organs simply by wishing for them. His really sound specula- 
tion in Zoology was also injured by his earlier and thoroughly 
worthless speculation in Chemistry and other branches of science. 
Another marked defect was, that Lamarck was completely carried 
away with the belief that his theory of the transmission of acquired 
characters was adequate to explain all the phenomena. He did 
not, like his contemporaries, Erasmus Darwin and Goethe, per- 
ceive and point out, that certain problems in the origin of adapta- 
tions were still left wholly untouched and unsolved. . . . His 
arguments are, in most cases, not inductive, but deductive, and 
are frequently found not to support his law, but to postulate it.” 

Lamarck’s place among scientists is not yet really established. 
He was undoubtedly a naturalist of the first rank, but as an evolu- 
tionist, although he later gained, especially in America, a large 
following, he cannot yet be placed, as the crucial point in his 
whole theory is still sub judice. 

Geoffrey St.-Hilaire (1772-1844), another Frenchman and 
a contemporary of Lamarck, was not, however, his follower but 
rather a disciple of Buffon, going back to the old factor of direct 
environmental influence as the sole cause of evolution. He antic- 
ipated a much later writer, De Vries, by teaching that transmuta- 
tion, or the change from one species to another, might be by sud- 
den leaps or saltations, a theory which was in direct opposition 
to Lamarck’s belief in the slow deliberation of the process. St.- 
Hilaire believed, however, that these leaps took place, not in the 
adult but in the embryo, ^^here the underlying causes of sudden 
transformation were profound changes induced in the egg by ex- 
ternal influences, accidents as it were, regulated by law.” As a 
result of this belief in evolution per saltum it was not necessary to 
show the existence of intermediate forms, those perplexing miss- 
ing links” m the phyletic series, and it also removed the objection 
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that interbreeding would speedily swamp new characters accord- 
ing to the law of averages, because physiological isolation, which 
prevents indiscriminate mating, would thus be secured. While 
St. -Hilaire can with justice be called one of the founders of Evolu- 
tion, his influence in its development was not as great as that of 
his contemporaries. 

Charles Darwin (1809-1882) is beyond doubt tj^c foremost 
figure in evolutionary history, not so much for the originality of 
his ideas, for they had already been largely anticipated by his 
predecessors, but because of the abundant proof with which his 
statements were accompanied, proof based upon thousands of 
careful observations extending over a long term of years. Dar- 
win’s wonderful development and application of the inductive 
method, making theory everywhere subservient to fact, and the 
clarity and simplicity of his exposition made his arguments ir- 
resistible, and accomplished what none of those who went before 
him could possibly have done — the wide acceptance of his doctrine, 
not alone by biologists but by thinking men in general. While 
some of the so-called Darwinian factors, notably that known as 
sexual selection, are to a large extent discredited in the light of our 
greater knowledge, the fact that Darwin’s work paved the way 
for the general acceptance of the truth of Evolution puts him at 
the forefront of the master minds whose contributions to the sci- 
ence made this acceptance possiblnJ 

The story of Darwin’s life is well known. Born on the twelfth 
of February, 1809, this emancipator of human minds from the 
shackles of slavery to tradition saw the light upon the very day 
that ushered in the life of Abraham Lincoln, the emancipator oi 
human bodies from a no more real physical bondage. Darwin 
studied first at Edinburgh, but finding medicine unsuited to his 
tastes, entered Christ’s College, Cambridge, as a candidate for 
the church. His love of nature, however, dominated all other in- 
terests, and shortly after graduation an opportunity came to join 
the ship “Beagle” as naturalist in a voyage of exploration around 
the world. The five years spent upon this memorable journey, the 
narrative of which is so admirably set forth in the book A Nat- 
uralist's Voyage around the World, resulted in the accumulation 
of the first of Darwin’s great series of observations, the final de- 
cision to devote his life to zoological research, and the beginning 
of that illness which made him a life-long invalid. This last factor 
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necessitated a retired life and thus proved of indirect benefit, as it 
enabled him to accomplish the immense amount of work which he 
did without being impeded by the distractions of a public career. 
A brief chronology of Darwin’s scientific and literary work, which 
had for its climax the appearance of the epoch-making Origin of 
Species j is as follows: 

1 83 1-ISSB, Voyage of the ^‘Beagle”: 

1887, Beginning of the note-book for the collection of facts bearing upon 
variation in animals and plants; 

1838, Read Malthas on population ^ and conceived the idea of natural 
selection as the result of the struggle for existence ; 

1842, Allowed hhnself briefly to set down his views for the first 
time; 

1844, Wrote a more elaborate statement of his progress which sets forth 
the main arguments which were later developed in the Origin of Sjyedes. 
These embraced the three principal factors of his theory: the struggle for 
existence, variation, and natural selection of those variations which con- 
form with environmental need. lie also developed the idea of sexual 
selection and attached more weight to the influence of external conditions 
«nd the inheritance of acquired characters than in the edition of the 
Origin of Species in 1859. This statement, amounting to 230 pages, was 
vset apart together with the sum of £400 to £500 with which to publish it 
in case of the author’s sudden death; 

1856, Sent Sir Joseph Hooker, the botanist, his manuscript. He had 
now abandoned entirely the factors of Buff on and Lamarck and placed the 
utmost reliance upon the efficiency of natural selection as the prime factor 
in Evolution; 

1858, Received from a young man, Alfred Russel Wallace (1822-1913). 
a brief essay embodying a theory of Evolution of which, as in Darwin’s 
case, natural selection was the prime factor. And strangely enough, it 
was again Malthus’ essay, read by Wallace twelve years before, which 
stimulated the conception. At first, Darwin was inclined, out of chivalrous 
friendship for the young man, to suppress his own laboriously elaborated 
work and to publish Wallace’s to the world. Fortunately the good coun- 
sels of his friends Hooker and I^yell prevailed and as a result a joint paper 
setting forth the views of both authors was read before the Linna\an So- 
ciety of London, July 1, 1858. Then Darwin set to work to write the 
Origin of Species, which was prepared in a few months and published in 
1859. 

In the first edition of the book, he takes a somewhat less decided 
view of the efficacy of natural selection, believing it to have been, 

^ In this essay Malthus shows that “population increases in a geometrical, food 
in an arithmetical ratio.” -Hence it follows that some very active agent or agents 
must be at work to keep down the surplus population; otherwise neither food nor 
terrestrial soace would suffice for their support in a relatively bri' *f period of time. 
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however, the principal but not the exclusive agent in Evolution. 
Selection, he says, works upon “ chance variations, but by this 
he does not mean fortuitous in the modern sense, but occurring 
according to laws of which we have no knowledge. As a result of 
his extensive observations upon domestic animals, Darwin grad- 
ually receded from his extreme views concerning the efficacy of 
natural selection and began to lean more and more toward La- 
marck’s teaching. In 1876 in a letter to Moritz Wagner he says: 
‘^When I wrote the Origin ... I could find little good evidence 
of the direct action of the environment; now there is a large body 
of evidence, and your case of the Saturnia is one of the most re- 
markable of which I have heard.” 

In the sixth edition of the Origin of Species in 1880, Darwin gave 
the final expression of his belief in the following illuminating 
sentence: ^^This [modification of species] has been effected chiefly 
through the natural selection of numerous, successive, slight, 
favourable variations; aided in an important manner by the in- 
herited effects of the use and disuse of parts [Lamarckian factor]; 
and in an unimportant manner — that is, in relation to adaptive 
structures, whether past or present — by the direct action of ex- 
ternal conditions [Buffonian factor], and by the variations which 
seem to us in our ignorance to arise spontaneously.” 

Owing to Darwin’s invalidism and the gentleness of his char- 
acter, he left to others the championing of his cause, his chief expo- 
nent being Thomas Henry Huxley (1825-1895), himself a man of 
remarkable learning, forcible logic, and one of the great masters 
of written and spoken English, in every way admirably equipped 
to fight Darwin’s battles for him. Huxley’s contribution to Biology 
is, therefore, not alone his many admirable research productions 
in recent and fossil anatomy, but his service as an educator of the 
public in commanding the general acceptance of Darwin’s teach- 
ings. 

Since Darwin’s day. Evolution has been more and more gen- 
erally accepted, until now in the minds of informed, thinking men 
there is no doubt that it is the only logical way whereby the 
creation can be interpreted and understood. We are not so sure, 
however, as to the modus operandi, but we may rest assured that 
the process has been in accordance with great natural laws, some 
of which are as yet unknown, perhaps unknowable. 

“The world has been evolved, not created; it has arisen little 
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by little from a small beginning, and has increased through the 
activity of the elemental forces embodied in itself, and so has 
rather grown than suddenly come into being at an almighty word. 
What a sublime idea of the infinite might of the great Architect! 
the Cause of all causes, the Father of all fathers, the Ens entiuml 
For if we could compare the Infinite it would surely require a 
greater Infinite to cause the causes of effects than to produce the 
effects themselves. 

'‘All that happens in the world depends on the forces that pre- 
vail in it, and results according to law; but where these forces and 
their substratum. Matter, come from, we know not, and here we 
have room for faith.’’ (Erasmus Darwin, as interpreted by Weis- 
mann.) 
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CHAPTER II 


CLASSIFICATION OF ORGANISMS 

Kinds of Classification. — Animals (or plants) may be grouped 
together for convenience of study in one of two ways : they may be 
classified taxonomically (Gr. rd^ts, arrangement, and pojjlos, law) 
(zoologically or botanically), according to actual blood rela- 
tionships, or from the standpoint of their life conditions. The 
latter classification may be called bionomic, i.e, in accordance 
with the laws of life. The adaptive response on the part of two 
unrelated organisms to similar environmental conditions may give 
rise to convergences, wherein organisms come to resemble each 
other so closely that they have sometimes been actually classed 
together. The distinction between convergent and homogeneous 
(i.e. of the same race) organisms is often a matter of extreme 
difficulty. 

When the classification is based upon living organisms only> 
errors are also apt to occur, for groups of animals which to-day 
stand entirely isolated are shown to be related when their fossil 
ancestry is known. Zoological classification depends therefore in 
a measure upon Paleontology or the study of ancient life, while 
bionomic classification is concerned with existing organisms. 

Zoological Classification 

As in a military organization armies are divided into smaller 
and smaller subdivisions — brigades, regiments, battalions, and 
companies — so the organic world is divided into corresponding 
groups which, while increasing in number, lessen in individual im- 
portance as one descends the scale. An understanding of these 
divisions is necessary to our work. 

Kingdoms and Subkingdoms. — The organic world is made up 
of two types of organisms, animals and plants, the first character- 
ized in general by a more active, sentient life, the others passive, 
lacking in muscular and nervous systems, almost inert. These two 
groups of organisms are known as kingdoms, and constitute the 
first subdivision of the world of life. The kingdoms are in turn 
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divided into subkingdoms, though here there is some difference of 
usage. These subkingdoms are comparable in that each is made up 
of unicellular organisms on the one hand, Protozoa (Gr. Trpcoros, 
first, and animal) or Protophyta (Gr. Trpcoros, first, and 

cI)Vt6vj plant) as the case may be, and multicellular organisms 
on the other. To the latter the zoologists have given the name 
Metazoa (Gr. perd, after, and animal), the term Metaphyta 
being applied to the plants. 

Phyla. — Subkingdoms in turn are divided into phyla or types. 
Both terms are objectionable, as each has more than one usage, 
but the term phylum (Gr. <f)v\ovy race, tribe) is the one in general 
use in this sense. The Protozoa constitute but one phylum, while 
of the Metazoa there are at least eleven such groups of forms, as, 
for instance, the molluscs, arthropods, and vertebrates, each sep- 
arated from the others by very distinctive characteristics, in that 
their ground plan of structure differs widely in each case. Thus, 
the molluscs have a soft, unsegmented body with no trace of 
locomotor skeleton, while the arthropods and vertebrates are both 
segmented and possess locomotive hard parts, but with the distinc- 
tion that in the arthropods the skeleton is external while in the 
vertebrates it is principally internal, the body being stiffened 
longitudinally by an axis known as the vertebral column. 

Classes and Families. — Phyla are divided into classes, such as 
the fishes, reptiles, birds, and mammals among vertebrates; and 
these in turn into families, genera, species, and varieties. Extrem- 
ists in classification use the prefixes sub- or super- to signify groups 
somewhat more or less restricted than the unqualified name would 
imply; thus, a class may include subclasses and these in turn super- 
families, families, and subfamilies before the genera are reached. 

Genera, Species, and Varieties. — The chief object of our study 
being the origin of species, an adequate conception of a species is 
necessary. While biologists have not yet suc(;ceded in arriving at 
a unanimity of opinion as to just what constitutes a species, the 
general conception of a kind of animal or plant to which a definite 
name has been given, such as a red fox, timber wolf, coyote, or 
jackal, just about expresses the idea. A species therefore is a group 
of individual animals or plants resembling each other very closely, 
not only in broad features but in minute detail as well. In general 
they are such as can breed together and produce fertile offspring, 
which in turn may reproduce. This was Huxley^s great test of a 
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species, but does not always hold true. The two species of camel, 
Camelus dromedarius and C. hactr'ianuSj will breed together; and 
the llama, Aucheriia glamay will breed with the alpaca, A. pacos, 
and the offspring are fertile. This is also true of several species of 
deer and of certain of the Bovidae, such as the zebu. Bos indicuSy 
and the gayal, Bihos frontalis; furthermore, the result of such a 
cross was bred to an American buffalo. Bison americanuSj and pro- 



Fig. 1. — Successive forms of Paludinay from the Tertiary deposits of Sla- 
vonia. (After Neiimayr.) 

duced a calf, the result of a triple alliance, not only of distinct 
species, but, according to our present definition, of three distinct 
genera (Bartlett). Sometimes forms which are quite different, 
as certain snails (Paludina)y which might well be considered 
different species, nevertheless grade into each other if a sufficient 
series be found and placed in orderly sequence (Fig. 1). Before 
this series was completed, some six or eight of the then disconnected 
forms were described as distinct species; but as soon as the con- 
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necting forms were found, showing progressive modification from 
the older to the newer strata, the whole were included as varieties 
of one species (Romanes). Varieties may be arranged in grada.- 
tional series, each differing from the next in very minute detail. 
Species do not so intergrade into each other. Were the annectant 
varieties blotted out by extinction so that only the extremes of 
the series survived, the latter would then become separate species. 
Hence one rather poetic definition of species likens them to ^‘islands 
in a sea of death. All of the dog-like forms which were mentioned 
by way of illustration, with the exception of the fox, show only 
specific differences, but any one would at once see a great many 
important resemblances which seem to imply a very close degree 
of relationship among them all. 

This conception of genera and species was first clearly stated by 
Linnaeus, who gave to each animal and plant with which he was 
familiar a double name in Latin form, although often derived from 
the Greek or other languages. These names imply relationship, for 
the first is that of the genus to which the form belongs, while the 
second indicates its species. Thus the scientific name of the timber 
wolf is Canis lupuSj of the coyote Canis latrans, of the jackal Canis 
aureus; but the red fox bears the name Vulpes vulgaris^ showing 
it to be not only a separate species but a different genus as well. 
All of these, however, are dog-like forms and hence belong to the 
widespread family Canidae. This family, together with the cats, 
bears, weasels, and various other animals, is carnivorous, with 
teeth of a peculiar sort, and to all such forms Linnaeus gave the 
class name Ferae, of which the modern equivalent is Carnivora. 

To revert to the definition of species once more, Webster thus 
defines it: ^^A more or less pennanent group of existing things or 
beings, associated according to attributes, or properties deter- 
mined by scientific observation.^^ In general the idea of perma- 
nence is implied, but only while conditions remain the same; 
changing conditions, either through the migration of the animal 
to a new home or an actual change, climatic or otherwise, in the 
old one, will react upon the species and thus alter its characteristics. 
There may also be a gradual change in the organisms in non- 
essential things in the course of time, even with practically un- 
changing conditions, especially where isolation of lines is estab- 
lished, as in the case of the various varieties and species of land 
snails in the radiating valleys in the islands of Tahiti (Crampton). 
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A species has also been defined as “a stage in the evolution of a 
race/^ The species has already been spoken of as an island and 
the genus may be called an archipelago in a sea of death (Jordan 
and Kellogg). 

Classification of Animals 
(Modified from Parker and Haswell) 

ANIMAL KINGDOM 

Siibkingdom protozoa (Gr. 7rpu)To^^ first, and animal). Unicellu- 
lar, solitary or colonial organisms of minute size, without separate tissues 
composed of cells. 

Phylum I. Protozoa. With the characteristics of the subkingdom. 

Class I. Sarcouina (Gr. (rdp$, flesh). Without external cell- wall. 
Locomotor organs pseudopodia. Frequently with a calcareous shell or a 
siliceous skeleton. 

Lobosa (Gr. Xo/i?os, lobe). With blunt or lobe-like pseudopodia. Naked 
(AnKEba), or shelled {Arcella^ etc.). Marine and fresh-water; sometimes 
parasitic. 

Foraminifera (Lat. foramina, holes, and ferre, to bear). Calcareous 
shell, generally with numerous fine apertures. Pseudopodia fine, branch- 
ing or fusing. Marine and fresh-water. 

Radiolaria (Lat. radiare, to radiate). Siliceous shell, delicate, lace-like. 
Fine ray-like pseudopodia with central axis. Marine. 

Class 11 . Mastigopiiora (Gr. whip, and to bear). Body 

with limiting membrane. Locomotion by means of one or more whip-like 
flagella. Solitary or colonial. Some flagellate forms show certain plant- 
like characteristics, notably in the presence of chlorophyl, or leaf-green. 
Thus they are variously claimed by both zoologists and botanists. Certain 
members of this group lie upon the frontier between the plant and animal 
kingdoms. 

Class III. Sporozoa (Gr. enropos, seed, and animal). Parasitic 
Protozoa with complicated life histories. The young are generally re- 
produced in the form of spores. Locomotor organs usually absent. Many 
human scourges, such as malaria, are caused by Sporozoa. 

Class IV. Infusoria (Lat. infusorium, because some species are abun- 
dant in certain infusions). With limiting membrane. Locomotor organs, 
when present, numerous hair-like cilia (Ciliata), as in Paramecium. 

Subkingdom metazoa (Gr. perd^ after, and animal). Multicellular 
animals with definite tissues composed of cells, among which there is 
division of labor. Reproduction by means of ova and spermatozoa (sexual) 
the rule, although asexual reproduction docs occur. 

Phylum I. Porifera (Lat. porus, pore, and ferre, to bear). Sponges. 
Plant-like organisms, motionless, without tentacles. With a more or less 
complicated internal canal system and with inhalent and exhalent pores. 
Simple or colonial. In the more complicated sponge stocks the individuals 
can no longer be distinguished. Skeleton, when present, consisting of 
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calcareous or siliceous spicules or of chitinous (horny) fibers (spongin), 
sometimes reinforced by siliceous spicules. Commercial sponges possess 
a chitinous skeleton without the supporting spicules. 

Phylum II. Coelenterata (Gr. koIXos, hollow, and evrepov, intestine). 
Ilydroids, jellyfishes, coral polyps, etc. Radially symmetrical animals, 
generally with tentacles and stinging cells. With one internal cavity 
functioning both for circulation and the digestion of food. 

Class I. PIydrozoa (Gr. water, and animal) . Polyps with a 
simple internal cavity, either simjfie (Hydra) or forming more or less 
complex colonies (hydroids) in which there is division of labor among the 
various individuals (zooids). The reproductive zooids take the form of 
medusoid buds which may become detached from the colony as free- 
swimming medusae (Gr. McSovo-a, Medusa) (jellyfish). 

Class II. ScYPHOzoA (Gr. a-Kv<l>o^^ cup, and animal). Coelenterates 
in which the medusae are large and dominant. There is no hydroid colony, 
but the medusae are generally derived from minute polyps known as 
scyphuke. 

Class III. Anthozoa (Gr. avOos, flower, and animal). Corals. 

Polyps with complicated internal cavity and with no free-swimming 
medusic. They may be either fleshy (sea-anemones) or secrete a horny or 
calcareous skeleton (corals). Solitary or colonial, the latter sometimes 
becoming massive coral stocks, aggregates of which form extensive reefs 
or islands. 

Class IV. Ctenophora (Gr. ktcls (ktcV-), comb, and </>€petv, to bear). 
Comb-jellies. Pelagic coelenterates which progress by means of rows of 
comb-like swimming plates formed of fused cilia. More or less ovoid to 
band-like in shape, and generally provided with two tentacles which bear 
adhesive, instead of stinging, cells. Never colonial, and exclusively marine. 

Phylum III. Platyhelminthes (Gr. TrAarus, flat, and cAp-tv?, worm). 
Flatworms. Bilaterally symmetrical animals, flattened dorso-ventrally, 
the body cavity filled with a tissue called parenchyma. Digestive and 
other systems generally much brancjlied. The free-swimming Turbellaria 
(Lat. tiirba, whirling) have ciliated (contractile bodies, while the parasitic 
forms are not ciliated as adults. Those of the latter which are of simple 
form are known as Trematodes (Gr. having holes), while the 

elongated, segmented tapeworms, without digestive system, are called 
Cestoda (Gr. Kearos, girdle). 

Phylum IV. Nemathelminthes (Gr. v^pa, thread, and eAptvs, worm). 
Threadworms. Cylindrical, worm-shaped animals with a body cavity. 
Many are parasitic and may lose the intestinal canal. 

Phylum V. Trochelminthes (Gr. '^poyo?, wheel, and ^ptv?, worm). 
Rotifers. Variously shaped organisms of minute size, sometimes sedentary, 
again swimming by means of ciliated bands which may resemble revolving 
wheels, hence rotifers (Lat. rota, wheel, and/erre, to bear). 

Phylum VI. MoUuscoidea (Lat. molluscum, mollusc, and Gr. elSos, 
form). Lamp-shells and sea-mosses. Attached, bilaterally symmetrical, 
unsegmented animals, with a crown of ciliated tentacles or spirally rolled 
arms. 
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Class I. Bryozoa (Gr. fSpvov^ moss, and animal) or Polyzoa (Gr. 
ttoAvs, many). Sea-mosses. Minute animals usually encased in chitinous 
tubes or ^‘cells.^' Generally colonial and often resembling superficially a 
hydroid or an alga. 

Class II. Brachiopoda (Gr. /^pax^W, arm, and ttovs, foot). Lamp- 
shells. Marine forms with a bivalve shell, thus resembling the true mol- 
luscs (clams and mussels). In the brachiopods, however, the shell valves 
are dorsal and ventral, whereas in the molluscs they are lateral. The 
mouth lies between two ciliated spiral arms which rest closely coiled within 
the shell. Numerous in geologic time, comparatively few living. 

Phylum VII. Echinodermata (Gr. cxtvos, sea-urchin, and Sepp,a, skin). 
Spiny-skinned animals. Marine, radially symmetrical forms whose parts 
arc in multiples of five. With a calcareous skeleton varying in its develop- 
ment from minute scattered plates to a complete shell. Locomotion by 
means of a water-vascular or ambulacral (Lat. ambulacrum, walk) system 
which is peculiar to the group. Never parasitic nor colonial. 

Class I. Asteroidea (Gr. aarrip^ star, and cI8o5, form). Starfishes. 
With a pentagonal or star-like body formed of a central disc and five (or 
more) radiating arms. 

Class II. Ecm NOIDEA (Gr. cxtvo?, sea-urchin, and etSos, form). Sea- 
urchins and sand-dollars. Spheroidal, oval, or disc-shaped forms with a 
solid test or corona beset with numerous spines. 

Class III. Holothuroidea (Gr. oXoOovpiov , zoophyte, and clSog, form). 
Sea-cucumbers. Oval or worm-like, with leathery body-wall containing 
minute plates or spicules. A crown of retractile tentacles around the 
mouth. 

Class IV. Crinoidea (Gr. Kpivov , lily, and dSos, form). Sea-lilies or 
feather-stars. Stalked echinoderms, with many-branched arms. Some 
(Comatula) become secondarily free. Formerly numerous, now relatively 
rare. 

There are two wholly extinct classes, the Cystoidea and BiiASToiDEA, 
somewhat similar to crinoids. 

Phylum VIII. Annelida (Lat. ring). Segmented worms. Prim- 

itive, worm-like forms, with ring-like or somewhat flattened segments, 
and without jointed limbs. Marine worms, earthworms, and leeclies. 

Phylum IX. Mollusca (Lat. mollis, soft.) Molluscs. Bilaterally sym- 
metrical, unsegmented animals, without locomotor skeleton, but with a 
more or less developed fold of the body-wall known as the mantle, and a 
variously formed shell composed chiefly of calcium carbonate. 

Class I. Pelecypoda (Gr. TreAtKvs^ hatchet, and ttovs, foot). Bivalves; 
clams, oysters, mussels, etc. Shell consisting of two lateral valves con- 
nected by an elastic hinge ligament. Fixed or free, fresh-water or marine. 

Class II. Gastropoda (Gr. yao-TT/p, stomach, and ttovs, foot). Uni- 
valves; snails, etc. With a variously developed and ornamented, generally 
spirally twisted shell, and an expanded creeping foot. Free-living, salt- 
and fresh-water, some terrestrial. 

Class III. Cephalopoda (Gr. head, and ttovs, foot). Squid, 

octopus, nautilus, etc. With distinct head which has a circle of arrn-like 
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processes, sometimes bearing tentacles, sometimes hooks or suckers, and 
the equivalent of the foot of other molluscs. Shell variable; may be absent 
(octopus), or may be a large, spirally coiled, chambered structure (nauth 
lus) which in some extinct forms was highly complex. Marine. Some of 
immense size. 

Phylum X. Arthropoda (Gr. apOpov, joint, and ttov?, foot). Arthropods. 
Bilaterally symmetrical, segmented animals, with jointed appendages. 
Body encased in an exoskeletoii of chi tin often more or less hardened by 
calcareous salts. 

Class 1. Crustacea (Lat. crusta, shell). Crabs, lobsters, and barnacles. 
Aquatic arthropods, with two pairs of antennae and numerous appendages. 
Breathing generally by means of gills.” A few secondarily adapted to 
terrestrial life. The majority free-living, some fixed or even parasitic. 

Class II. Myriapoda (Gr. p^vpios, countless, and ttovs, foot). Centi- 
pedes and millipedes. Numerous similar body segments, each bearing one 
or two pairs of legs. Air-breathers, some armed with poison fangs. 

Class III. Hexapoda (Gr. €^, six, and ttovs, foot). Insecta (Lat. in- 
sectus, cut up). Insects. Body divided into three distinct regions: head, 
thorax, and abdomen, of which the second bears three pairs of legs and 
usually two pairs of wings. The higher insects undergo a complex meta- 
morphosis. This class includes the most highly diversified and by far the 
most numerous of all animals, except the Protozoa, living under almost 
every conceivable condition of life. 

Class IV. Araciinida (Gr. dpdxvrf, spider). Spiders and scorpions. 
Exoskeleton chitinous, four pairs of legs. Air-breathers, except the horse- 
shoe crab (Lirnulus), often with silk-spinning and poison glands. Iree- 
living or rarely parasitic, never sedentary. 

Phylum XL Chordata (Lat. chordatus^ having a cord). Chordate ani- 
mals. Bilaterally symmetrical, generally segmented animals with a per- 
forated pharynx (gill-slits), a hollow, dorsally situated nerve-cord, and an 
axial, stiffening notochord which is generally replaced by the vertebral 
column. 

Subphylum I. Hemichorda (Gr. half, and cord). Balano- 

glossus, etc. Small worm-like animals with rudimentary notochord. 
Marine. Semi-sedentary. 

Subphylum 11. Tunicata (Lat. tunicatm, clothed with a tunic). Tu- 
nicates or sea-squirts. Generally sedentary marine animals which are free- 
swimming at least during larval life, when they possess a notochord in the 
tail. The adult is enclosed in a mantle or “tunic” which may contain 
cellulose, a substance rarely found in the animal kingdom. Generally 
with retrogressive metamorphosis. 

Subphylum III. Vertebrata (Lat. vertehratm, jointed). 

Section A. cephalochorda (Gr. Kc</>aX?y, head, and X'^P^V, cord). 
Skull-less, notochord running to end of snout. Blood colorless. Including 
only the little lancelets, Amphioxus, etc., found burrowing in sand near the 
shore. Nearest the ancestral vertebrate of any living form. 

Section B. craniata (Gr. KpavtW, skull). Skull-bearing vertebrates, 
with red blood. 
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Class I. Cyclostornata (Gr. kvkXoSj circle, and OToju^; mouth). Lam- 
preys and hag-fishes. With suctorial mouth armed with chitinous teeth, 
and no jaws. Elongate, eel-shaped forms, without paired fins. 

Class II. Pisces (Lat. piscisj fish). Fishes. Aquatic, generally scaly or 
armored, with paired and unpaired fins. Breathing by means of gills, 
sometimes with accessory lung-like organs. Cold-blooded, usually ovipa- 
rous (egg-laying) forms. 

Elasmobrancliii (Gr. eXacr/xos, plate, and ^pdyxta, gills). Sharks and 
rays. 

J)ipnoi (Gr. St-, doubly, and ttvcii/, to breathe). Lung-fishes. 

Ganoidei (Gr. ydvos, brightness, and eTSos, appearance). Ganoid or 
armored fislies. 

Teleostei (Gr. reXeos, complete, and octtcov, bone). Modern bony fishes. 

Class III. Amphibia (Gr. living a double life). Frogs and 

salamanders. Cold-blooded, naked and slimy or armored, with paired 
fins transformed into terrestrial hand-like limbs; unpaired fins, when 
present, never supfjorted by fin rays. Oviparous. Breathing generally by 
means of gills during larval life and by lungs as adults. With metamor- 
phosis. 

Urodela (Gr. oupA, tail, and SiJXos, distinct). Salamanders and newts 

Anura (Gr. a-, without, and ovpa, tail). Frogs and toads. 

Gymnophiona (Gr. yvpvos, naked, and serpent). Ca^cilians, leg- 
less, burrowing forms. 

Stegocephalia (Gr. arlyr}^ roof, and K€<l>a\y, head). Extinct, armored 
amphibia. 

Class IV. Reptilia (Lat. repere, to crawl). Reptiles. Cold-blooded, scaly 
or armored, terrestrial or acpiatic animals, breathing exclusively by means 
of lungs. Oviparous, though some snakes and the extinct ichthyosaurs 
brought forth the young alive (viviparous). The living orders are few: 

Squamata (Lat. squama , scale). Lizards and snakes. 

Chelonia (Gr. yeXcuvr/, turtle). Turtles and tortoises. 

Crocodilia (Gr. KpoKoSeiXos, crocodile). Crocodiles and alligators. 

Rhynchocephalia (Gr. pvyx^'^y snout, and Ke(/>aXr$, head). An ancient 
order of which the solitary, lizard-like Sphenodon of New Zealand is the 
sole survivor. Of many extinct orders there are: 

Theromorpha (Gr. Bypiov^ beast, and p^op^j^yp form). Mammal-like 
reptiles. 

Ichthyosauria (Gr. IxBv^, fish, and craiipa, lizard) and Plesiosauria 
(Gr. 'n-XpoTLoq, near, and cravpa, lizard). Marine reptiles. 

Dinosauria (Gr. Setvos, terrible, and cravpa, lizard). Includes small to 
gigantic terrestrial forms, related to the crocodiles and birds. 

Pterosauria (Gr. yrrepov, wing, and craiipa, lizard). Aerial reptiles with 
membrane expansions by which they could fly. 

Class V. Aves (Lat. avis, bird). Birds. Warm-blooded, feathered ani- 
mals, with the fore limbs transformed into wings. Oviparous. A numerous 
but very uniform class. 

Class VI. Mammalia (Lat. mamma, breast). Mammals. Warm- 
blooded, hairy forms, generally quadrupedal and terrestrial, some aquatic 
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(whales, seals), other aerial (bats). The young are with few exceptions 
viviparoiisly born (alive) and are nourished after birth by the sec^retions 
of modified skin (mammary) glands. Chest and abdominal cavities sep- 
arated by a muscular diaphragm. 

Subclass Lrototheria (Gr. tt / owtos , first, and Orjptov, beast). 

Order Monotremata (Gr. fiovo?, single, and rpy/xa^ perforation). Egg- 
laying (oviparous) mammals. Ornilhorhyjickus and Echidna. 

Subclass Eutheria (Gr. cv, well, and OyjpLov, beast). Viviparous mam- 
mals. Some of the orders are: 

Marsupialia (Eat. marsnpium^ pouch). Pouch-bearing mammals. 
Opossum, kangaroo. 

Edentata (Lat. edentatus, toothless). Anteaters, sloths, and armadillos, 

Insectivora (Lat. insectumy insect, and vorare, to devour). Shrews, moles, 
hedgehogs. 

Chiroptera (Gr. hand, and irrepov^ wing). Bats. 

Rodentia (Lat. roderey to gnaw). Rats, hares. 

Carnivora (Lat. carOy flesh, and vorarcy to devour). Dogs, cats, bears, 
seals. 

Cetacea (Gr. whale). Whales and dolphins. 

Ungulata (Lat. ungida, hoof). Hoofed animals, with several suborders. 
Elephants, horses, rhinoceroses, cattle, deer. 

Sirenia (from SireUy the manatee). Sea-cows. 

Primates (Lat. primus, first). Monkeys, apes, man. 

Bionomic Classification 

This classification of organisms is based upon the mode of life 
and the consequent adaptive modification of structure, form, and 
color which in some cases so obscures the fundamental characteris- 
tics of the group to which the animal belongs as to make its true 
classification in the zoological scale a matter of great difficulty. 
For in extreme cases true relationships are betrayed only by study- 
ing the lif(i history of the organism and cannot be learned from 
its adult condition, as in the parasitic barnacle Sacculina (see page 
234). A bionomic classification, therefore, does not necessarily agree 
with one based on such revealed relationships, but is, historically, 
a more primitive classification. 

Animals and plants may be considered first in their interrela- 
tionships with other organisms and secondly in their relations to 
the physical environment. 

Interrelationships with Other Organisms 

Free-living forms are such as are not sedentary nor in perma- 
nent association with other organisms in any of the several ways 
to be described below. They do, of course, depend upon other 
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animals or upon plants for their sustenance; in the former case 
they are called (carnivorous or predatory, in the latter herbivorous. 
The predatory animal usually destroys the prey, while the herbi- 
vore does not necessarily injure the food plant disastrously. Free- 
living forms of the same species may band togccther for inutuai 
aid or dccfense, when thciy are called gregarious or communal (see 
Chapter XVI). 

Parasitic (Gr. Trapct, beside, and (tTtos, food). — Parasitism will 
be discussed more at length in a later chapter (Chapter XVII), 
especially with regard to its degenerating influence upon the par- 
asite. It is an association between one animal or plant and another 
and while the parasite is bcmefited in that it obtains food and pro- 
tection with the least possible (effort, the effect upon the host is 
generally a detrimental one, and sonudimes disastrous. But the 
parasite usually instinctively avoids fatal injury to its host, as that 
would be decidedly to its own disadvantage unless its days of 
parasitism be fulfilled. Herein it differs from the predaceous 
animal, whose association with the prey is transitory, but almost 
invariably destructive of its life. 

Commensal (Lat. com-, together, and mensa, table) association 
in contrast with parasitic is mutually beneficial. It does not, how- 
ever, imply an or- 
ganic union such 
as prevails among 
symbiotic forms, 
but merely a more 
or less permanent 
association for 
mutual good. The 
word commensal 
means one who 
eats at the same 

table, but in ordi- 
•n<\r\r FiG. 2. — Commonsixl hermit cTiih, Eupagiiriis cofistans, 

^ ^ 1 ^ hy droid, Hydractinia sodalis. (After Doflein.) 

become obsolete, 

nevertheless that is what the word implies biologically, ix. an 
animal which lives with or on another (species), partaking of the 
same food. 

A familiar example is the association of a hermit crab and a 
hy droid which forms a dense furry growth over the crab^s shell. 
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The crab is a wasteful feeder and the hy droid gathers in the tiny 
particles of rejected food. It also gets transportation without effort 
and in return offers the crab a certain immunity from attack, as it 
is armed with stinging cells and the general appearance of the furry 
growth renders the crab less conspicuous (see Fig. 2). Another 
example is the rhinoceros bird which picks ticks from the rhino’s 
back and gives warning of approaching danger to its dull-witted 
friend. The pilot-fish which accompanies the shark is still another 
and the peculiar association of gnus, ostriches, and zebras in Africa 
is a further instance. In the last example it is merely the extension 
of the mutual aid afforded to the other members of a herd by the 
sentinels so as to embrace more than one species. The ostrich is 
so capital a watch-tower that the others have taken advantage of 
it. Man’s association with his domestic animals is a further il- 
lustration of the same thing. 

Symbiotic (Gr. avPy together, and jStos, life). This is the 
most intimate association of all, again for mutual benefit, and by 

some writers it 
seems to be con- 
sidered as merely 
a more intimate 
form of commen- 
salism. Symbiosis 
means living to- 
gether and in its 
restricted sense 
implies an organic 
union or internal 
partnership be- 
tween organisms, 
so intimate that 

Fig. 3. — Green hydra, Hydra viridis^ containing sym- t)e 

biotic unicellular plants (zoochlorellae). A, entire ani- severed by death, 
mal, greatly enlarged. B, section of body-wall: ed. As thus restricted 
ectoderm; end, endoderm; st, supporting lamellae; z, ., , . ’ 

zoochlorellae. (After Weismann.) exist 

between two ani- 
mals but only between an animal and a green, chlorophyl-bearing 
plant or between a green and a colorless plant, such as show con- 
trasted methods of feeding. The green plant can utilize inorganic 
compounds such as carbon dioxide (CO 2 ) and water, and with the 
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aid of sunlight build up starch, liberating some of the oxygen. 
The animal utilizes the oxygen and organic compounds produced 
by the plant and in turn gives off the carbon dioxide and certain 
nitrogenous wastes which the plant utilizes. Thus they are recipro- 
cal. Instances of the first sort are found among the lower animals 
such as the green hydra {Hydra viridis) of which the color is not 
due to animal pigment but to the presence of numerous minute 
green plants embedded in its cells (see Fig. 3). Another instance 
is that of the flagellate protozoon Euglena viridis in which pre- 
cisely the same conditions exist, and many Radiol aria contain 
symbiotic algse known as yellow cells’’ or zooxanthellse. This 
last relationship is thus described by Thomson: 

“They [the ^yellow cells’] are unicellular plants embedded in 
the transparent living matter of the Radiolarians, and a very 
profitable partnership has been established. Being possessed of 
chlorophyl, the Algse can utilize the carbonic acid formed by the 
Radiolarian, and are able to build up carbon compounds, such as 
starch. They give off oxygen, which is of course profitable for the 
animal, and they doubtless utilize nitrogenous waste products 
made by the animal. If things are not going well, it is always 
open to the Radiolarian to digest its partners ! The huge numbers 
of Radiolarians — alike of individuals and of species — seem to 
indicate that the symbiosis is very profitable.” 

Symbiotic association of green and colorless plants is found in 
the lichens, which have been proved to be compound plants^ each 
consisting of “the branching and interlacing threads of a [color- 
less] Fungus enclosing partner [green] Alga cells. The Fungus fixes 
the plant, absorbs air, water and salts, protects the Alga from 
drought and injury, and forms spores which arc wafted away by 
wind and water, and ma^^ start new lichens if they find their 
proper partners. The Alga uses the sunlight to build up carbon 
compounds, and it joins with the Fungus in forming sexual repro- 
ductive bodies. By taking proper precautions the Alga can be got 
to live in water without the Fungus, and the latter can live on 
sugary media or the like without the Alga.” (Thomson.) 

Another remarkable instance of symbiotic association of a some- 
what different sort is that of the various beneficial bacteria that 
live within the bodies of higher animals, especially in the alimen- 
tary canal, and which seem to serve a very important function in 
aiding in the digestion and absorption of food. There is some ques- 
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tion whether the animal could live its normal life without the aid 
of these internal organisms. Should their effect be deleterious in- 
stead of beneficial, they would be classed as parasites instead of 
symbiotic partners. 

Interrelationships with the Physical Environment 

In discussion of the physical environment, the first consideration 
is the medium in which the organism lives, whetlKU’ air or water, 
for this determines its method of breathing. The other features 
are its relation to the bottom or substratum, and whether or not 
the creature is a locomotor type, for as we shall see, both of these 
considerations influence very profoundly the fundamental form 
and often the color of the organism. The forms which do not de- 
pend upon the substratum but are suspended in the medium 
wherein they live may be either plankton 
or nekton, according to their locomotor 
ability. Those which rest or move upon 
the bottom are called benthos. 

Plankton (Gr. w^ayKroSy wandering) are 
the animals or plants which float in the 
water largely at the mercy of wave or cur- 
rent, as they possess little or no locomotive 
powers other than the ability to rise or 
sink. They range in size from microscopic 
dimensions to jellyfish half a yard in di- 
ameter, and have in general the following 
characteristic: Body more or less trans- 
parent, usually colorless or pale violet oi 
rose-tinted, though some jellyfish are 
gaudily colored. The hue is as a rule, 
however, one which harmonizes well with 
the water. There is an almost total ab- 
sence of opaque skeletal structures, only 
a few possessing delicate calcareous or 
glassy shells. In general form planktonic 
organisms are as a rule radially symmetrical, for locomotion in 
one direction is what usually determines bilateral symmetry 
(see Fig. 4). 

The horizontal distribution of the marine plankton is largely 
caused by ocean currents which tend to keep the swarms of in- 



Ficj. 4.— Planktonic jelly- 
fish, Sarsia exiniia. (After 
Doflein.) 
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dividuals together and move them en masse. Such powers of loco- 
motion as they possess enable these organisms to sink to greater 
depths for darkness or tranquillity during stress of weather, com- 
ing to the surface at night or in time of calm. During the day 
many of them sink to a depth of from 50 to 150 fathoms, rising to 
the surface only on quiet nights. 

While marine or halo-plankton (Gr. aXs, sea) is the most 
abundant a'nd varied, fresh-water or lirnno-plankton (Gr. 
lake) also exists in nearly all lakes and rivers. Permanent aerial 
plankton probably does not exist, though microorganisms such 
as bacteria or ^ ‘ germs seem to float about in the air almost in- 
definitely. 

Examples of planktonic organisms are the innumerable forami- 
niferal and radiolarian Protozoa, diatoms among plants, and the 
swarms of medusse or jellyfish seen in quiet seas. Many mol- 
luscs (pteropods, heteropods) are included, some of which form the 
staple of diet of the great whalebone whales, and because of their 
small size are devoured in countless numbers; while the minute 
shells of Foraminifera, Radiolaria, Pteropoda, and diatoms form 
the bulk of the oozes which cover thousands of square miles of the 
ocean floor. 

Nekton (Gr. v7)kt6s, swimming) consists of animals with suf- 
ficient locomotive powers to stem the aquatic and aerial currents 
and go whithersoever they will. Their chief characteristics are 
well-developed motive organs, spindle form to reduce resistance, 
bilateral symmetry, body non-transparent, but with distinct 
coloration which may follow fixed laws (see faunal coloring, sea 
and air, page 201). The skeleton is opaque and the muscles and 
generally the organs of special sense are highly developed. 

Of marine invertebrates, certain of the cephalopods, notably the 
squid, are good examples, while among vertebrates the great 
majority of fishes, sea-turtles, whales, and seals among living 
types and the great marine reptiles, the ichthyosaurs, plesiosaurs, 
and mosasaurs among extinct animals, represent the aquatic 
nekton. 

Aerial nekton is abundant in the flying forms, such as insects, 
birds, pterosaurs, and bats, some of which, notably certain insects 
and birds, have wonderful powers of sustained flight. Aerial 
nekton, however, differs from the aquatic in that sooner or later 
it must come to rest upon the bottom and become benthonic. 
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Benthos (Gr. ^ivBos, depths of the sea). — Benthonic forms 
are the bottom-dwellers, whether fixed to the substratum or with 
powers of locomotion over it. The former are called sedentary, the 
latter vagrant benthos. Sedentary benthonic forms, as a rule, 
exhibit radial symmetry, well shown in corals and crinoids on the 
part of animals and in the great majority of higher plants. Marked 
exceptions, as in the brachiopods and barnacles, do occur. Of 

course this radial sym- 
metry is only attained 
in its perfection where 
the environmental con- 
ditions are alike on all 
sides. Among seden- 
tary animals so great 
a dependence is placed 
upon food swept within 
reach by means of 
stream, tidal, or wave 
action, that the food- 
getting organs are apt 
to degenerate or never 
develop, and often a 
fixed special ciliary device 
takes their place, as in 
the brachiopods, cri- 
noids, pelecypod mol- 
luscs, tunicates, and 
even in the lancelet 
(AnipMoxus) and larval lamprey (cyclostome) among vertebrates. 
Loss or non-development of musculature, locomotor organs, 
bilateral symmetry, and organs of special sense are characteristic 
of sedentary benthos, and with rare exceptions colonial organ- 
isms are restricted to this group (sec Fig. 5). 

Examples of sedentary benthos would be the sponges; hydroids, 
with the exception of the remarkable Siphonophora, a free-swim- 
ming (planktonic) colony wherein division of labor among the 
various zooids has been carried to an extreme; Anthozoa, sea- 
anemones (see Fig. 6), and corals; Molluscoidea as a whole; bar- 
nacles among the Crustacea; certain bivalve molluscs, such as the 
oysters; and most of the tunicates. With plants, almost all belong 



Fig. 3. — Hydroid colony, Ohelia sp. A 
asexual colony: Bd, bud, developing polyp; m, 
manubrium; Fa, nutritive polyp or hydranth; 
Ph, reproductive individual or blastostyle; Pc, 
medusoid buds which will become free-swimming 
medusce. B, sexual medusa or jellyfish. (From 
Schuchert’s Historical Geology,) 
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to this category, the only exceptions being the motile bacteria and 
other Protophyta which have been included under plankton. 
Nektonic plants are unknown. While aerial sedentary benthos 
includes the great bulk of the higher plants, air-breathing sedentary 
animals are rare. A number, which like the barnacles may be left 
bare by the retreating tide, thus become temporarily aerial but do 
not respire air, although provision has to be made to withstand the 
exposure. The only true aerial seden- 
tary benthos seems to be the scale in- 
sects (Coccida3, see Fig. 19) which 
attacdi themselves permanently to some 
plant, twig, leaf, or fruit, and remain 
constantly in one place thereafter as 
long as the plant juices yield sufficient 
nourishment. Drying up of the leaf 
upon which they live has been known to 
cause a very short migration, and while 
extremely degenerate and scale-like, as 
the name implies, they never wholly 
lose their organs of locomotion. 

The group known as vagrant benthos 
is an extremely extensive one, includ- 
ing a large number of marine, but fewer fresh-water types, and 
almost all air-breathing animals. Bilateral symmetry is the rule, 
though some, notably the echinoderms, are radially symmetrical. 
This radial symmetry of the echinoderms masks a more primi- 
tive bilateral symmetry, whereas in such forms as the irregular 
sea-urchins a secondary bilateral symmetry is very marked. 
Coupled with bilateral symmetry goes the development of loco- 
motor and the higher sense organs, and because of the intensity 
of the struggle for existence the adaptations of form, color, 
and food-getting devices arc extremely varied. True locomotor 
colonies, such as the bryozoan Cristatella, occur but are very rare, 
though other animal associations, gregarious or communal, are 
frequent. The transition from the vagrant benthos to nekton is 
easy and the instances numerous, and in some cases it is dif- 
ficult to know under which category the animal should be placed, 
as in certain marine worms and the sea-otter. 

The term mero-plankton (Gr. pepos, part) was introduced by 
Haeckel to include the free-swimming young of benthonic organ- 


Fig. 6 . — Benthonic seden- 
tary anemone, showing radial 
symmetry. (After Emerton, 
from Schuchert’s Historical 
Geology.) 
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isms which lead, during their larval state, a planktonic existence. 
These forms are as a rule extremely small and have feeble powers 
of locomotion, generally by means of cilia. Nevertheless they are 
so numerous that the upper strata of the oceans are literally 
crowded with them and they form a great source of food supply for 
the more aggressive forms of life. They pass their short existence 
floating about in the sea, in swarms. Sooner or later, however, 
they sink to the bottom, and if they fall upon the proper sort of 
substratum, they develop into the benthonic adult; but if they fall 
upon an unfavorable bottom, or if food supply is scarce, they perish. 

The necessity of some means of dispersal or for the repopulation 
of an area wherein accident has destroyed the original inhabitants 
is imperative, and in sedentary adults can only be attained by this 
means. Mero-planktonic larvae are found in every group of aquatic 
sedentary benthonic animals. The young of the sedentary scale 
insects, on the other hand, which are active for a brief time, arc 
vagrant benthos. Germs, spores, and many seeds like those of 
the maple and dandelion constitute about all that can possibly 
be included in aerial mero-plankton. 

Pseudo-plankton (Gr. ypevhosy false) is a term proposed for 
organisms such as the sargassum or gulf sea-weed which is normally 
or in early life an attached benthonic organism but which becomes 
planktonic. The meaning of the term has been extended to include 
plants or animals living as sedentary or vagrant benthos upon 
floating objects, such as the algje, hydroids, or bryozoans, which 
may be attached to the floating sargassum, and the crustaceans, 
molluscs, or other animals which dwell among them. In many in- 
stances the pseudo-planktonic existence of these forms is due to 
accident, but on the other hand it seems to be habitual with cer- 
tain forms, which, like the goose-barnacle, Lepas, rarely occur 
except attached to floating objects such as timber or the bottoms 
of ships, especially when the latter are derelict. Many of the 
animals found on floating sargassum seem to be characteristic of it 
in this condition, as they do not occur when it is attached. 
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CHAPTER III 


GEOGRAPHIC DISTRIBUTION 

Kinds of Distribution. — The distribution of life on earth has 
three aspects, two of which are distributions in space and one in 
time. Of course every organism can be considered from all three 
points of viow, but a clear comprehension of each can only be ob- 
tained by treating them separately and in order. 

These three distributions are known as follows: 

In space: 

Geographic, Horizontal or surficial distribution. 

Bathymetric, Vertical or altitudinal distribution. 

In time : 

Geologic, Durational distribution. 

Geographic Distribution. — The distribution of life over the 
earth’s surface is world-wide, as no place is so forbidding as to be 
entirely without its flora or fauna; the dense tropical forest, the 
bleakest mountain, the scorching heat and drought of the desert, 
tha devastating cold of the polar regions: each has its quota of in- 
habitants, living out their lives as best they may. 

Closer study, however, reveals the fact that the distribution of 
life is by no means a uniform one, and, aside from differences in 
faunas, due to climatic or other causes, there are peculiar instances 
of isolated distribution. Thus, for example, Africa has elephants, 
antelopes, and great apes such as the gorilla and chimpanzee in its 
fauna, while Brazil, with very similar environmental conditions, 
has none of these, but instead possesses the tapir, sloths, and pre- 
hensile-tailed monkeys. The tapirs themselves are found in Cen- 
tral and South America and again in the Malay Peninsula and 
Sumatra, a curious instance of discontinuous distribution, expli- 
cable only by assuming that the American and Malay tapirs are the 
last survivors of a widespread race, whose intervening representa- 
tives have been blotted out. 

Again, it is seen that the faunae of Great Britain and Japan, 
which are separated by thousands of miles, are very similar, 
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wlu'rcas in Bali and Lombok, two small islands in the Malay 
Archipelago, separated by a strait only 15 miles wide, the animals 
are much more unlike. 

Thus it is evident that the dispersal and distribution of animate 
is governed by laws which are far from simple. 

To understand them thoroughly ^Thc zoologist must trace out in detail 
the exact area or areas inhabited by the several species, genera, and larger 
groups of animals, and this proc^ess to be reliable must be based upon a 
true and natural classiii(;ation of tlie animals themselves. Tlie latter can 
only be attained by a due consideration of the theory of evolution (or 
descent with modiheation) as generally understood at the present day. 
With this must be intimately associated a knowledge of extinct forms and 
their distribution in time and space, and this again depends upon an ac- 
quaintance with the extent and relative position of the various fossil- 
bearing strata which build up the huge series of sedimentary rocks’^ 
(Bartholomew). 

Dispersal of Animals 

Necessity. — The struggle for existence brought about by the 
rapid rate of multiplication of all animate and the consequent 
scarcity of food within a given area renders the dispersal of animate 
imperative. Not only is this struggle between members of the same 
species, but between allied species or any sorts of animals whoso 
needs are sufficiently similar to induce competition. Again, grad- 
ually changing climatic conditions, which render the old ho*me 
no longer suitable, impel migration where migratory roads exist, 
otherwise gradual extinction is often the result. A study of the 
distribution of fossil animals such as the elephants or horses (see 
Chapters XXXV and XXXVI) gives evidence of repeated and 
world-wide migrations which probably occurred as often as oppor- 
tunity arose. The extension of geographical range seems, there- 
fore, to be a prime necessity in the great majority of organisms. 

Barriers to Dispersal 

Topographic Barriers. — Such barriers as high and extensive 
mountain ranges liniit the distribution of many terrestrial forms, 
and in general are more effective if the mountains are more or less 
parallel with the ocpiatoT) as in Europe and Asia. Here we find 
a marked difference between the species occupying the northern 
and those occupying the southern slopes. This is notably true of 
the great Himalaya Range in northern India, which rears its 
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might}^ summits far beyond the limits of perpetual snow. On the 
south we have the hot, moist plains of India, with a very distinct 
t ropical faun a wtiich in many respects resembles that of Africa. 
North of the barrier, conditions of climate, both in temperature 
and degree of moisture, are entirely changed, and with them 
appear animals, with some notable exceptions, of a totally different 
sort, more nearly comparable to those of bCurope. In the New 
World where the mountain chains in general run north and south, 
their influence upon animal distribution is vastly less, and in no 
case do they form striking boundaries between zoogeographical 
realms (see page 49), as do the Himalayas. 

The mountain ranges in the western United ^gtates do exert a 
certain influence, however, princrpally through their control of 
humidity. The winds from the Pacific are often laden with mois- 
ture, but as they reach the mountain uplift they are deflected 
higher and become cooler, which causes the precipitation of the 
moisture in the form of rain. On crossing the barrier, the winds 
are practically moistureless and, as a consequence, aridity of 
climate prevails east of the mountains, producing conditions rang- 
ing all the way from dry plains to actual desert. This of course 
has its profound influence upon the character of the vegetation 
and consequently upon plant-feeding animals and indirectly, 
though to a less extent, upon carnivores. In North and South 
America the animals are thus influenced in their range directly 
by conditions of temperature and rainfall. 

One important topographic barrier in North America is that 
which limits the Mexican plateau and again forms a line of de- 
marcation between itself, though ex- 

tending well into the tropics, has a temperate climate, and the 
fauna is similar to that of the region to the north and northwest. 
From the edge of the plateau the land drops away abruptly and 
conditions rapidly change to those of a hot, moist, tropical region, 
with a corresponding change in the plant and animal life, which 
is now that of tropical Central and South America. 

Climatic Barriers. — While degree of heat is of prime importance 
in limiting animal dispersal, Heilprin thinks that its influence has 
been largely overestimated. Notable instances in proof of his 
contention are the tiger and elephants. The former, while its 
normal home is in the hot districts of India and the Indian archb 
pelago, is not restricted to those regions nor to such as have similar 
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climates, for it is found “in the elevated regions of the Caucasus 
and the Altai chain, and in the Himalaya range its footprints are 
not infrequently found impressed in the fields of snow. It is a 
permanent inhabitant of the cold plains of Manchuria and the 
Amoor region . . . prowling about even in winter along the icy 
margins of the Aral sea.^’ The northern range of the tiger extends 
to about 53° north latitude, as far north as Lake Baikal in Siberia 
or Lake Winnipeg in Canada. Elephants likewise do not seem to 
suffer from cold, provided a sufficient amount of water be ob- 
tainable. Hannibal, who invaded Italy in 218 b.c., took a herd 
of war-elephants, presumably African, over the Little St. Bernard 
Pass, which has an altitude of 7176 feet. Elephants also range 
in altitude in the Kilimanjaro region of eastern Africa from sea- 
level up to 13,000 feet, which must give a marked temperature 
range; the Indian elephant appears to be equally at home among 
the cool mountain heights and the hot and jungly lowlands. 

The influence of temperature is much more marked in limiting 
the distribution of cold-blooded animals or those which depend 
upon external temperatures for the maintenance of their bodily 
heat, than in the warm-blooded forms. Thus the amphibians and 
reptiles are tropical and temperate in their distribution, rapidly 
diminishing in numbers toward either pole. Salamanders are 
limited to about the sixty-third parallel in Europe, while frogs and 
toads are absent only from the higher latitudes north and south. 

Reptiles, on the other hand, arc more restricted; the crocodiles 
are tropical or subtropical in their distribution, the northern 
Ihnit of the turtles is 50°, while of the lizards there arc few beyond 
40°, and at 60° the order entirely disappears. Snakes have the 
widest range, but only three species in Europe are found beyond 
55° and but one, the common viper, extends to the Arctic Circle. 
The terrestrial vertebrates of the frigid zones are therefore entirely 
birds and mammals, whose constant temperature and efficient 
bodily clothing enable them to maintain an active existence where 
the reptiles and amphibians would be reduced to a condition of 
torpor. This torpor can be endured for a while and the period of 
hibernation or winter sleep on the part of temperate cold-blooded 
animals is a normal manifestation, but it has its limits and can not 
extend over too great a sum total of the anirnars life. The pres- 
ence of fossil reptiles or amphibia in the rocks of a given geologic 
period is, therefore, highly indicative of past climatic conditions. 
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Lack of moisture controls the distribution of animals and plants 
principally where it is of sufficient extent to produce desert condi- 
tions, for while many forms are marvellously adapted to withstand 
the harshest drought (see Chapter XXIV), for others it forms an 
insuperable barrier. 

The most notable desert barrier is that of the Sahara, which 
forms the area of demarcation between the Ethiopian or African 
zoogeographical realm and the Eurasian. So efficient is it that 
such mobile forms as the deer, which are found in the Americas 
from the Straits of Magellan to the Arctic and over the entire 
Eurasian continent except the Arabian peninsula and the adjacent 
area to the east, are totally absent from Africa except in its ex- 
treme northern part, from the Straits of Gibraltar to Tripoli. Of 
course they are absent from the long isolated Australian region 
except where they have been introduced by human agency. The 
Sahara in Africa and the Arabian desert are impassable to such 
forms. Animals like the Amphibia, which require moisture for 
their larval life and have no great migratory powers, find even a 
small arid area an insuperable obstacle. 

The increase of moisture renders a region unsuitable for certain 
forms of life, in part due to possible swampy conditions which 
may make the area impassable to creatures not adapted to them. 
Swamp-dwelling generally places its mark upon the animal, as in 
the splay feet of certain Permian reptiles. It is doubtful, however, 
whether even extended morasses act as a very great barrier to 
dispersal. Increased humidity does have a marked effect second- 
arily in affecting the vegetation, the spread of insect life, and the 
like, to be described below. 

Vegetative Barriers. — The profusion of vegetation depends 
very largely upon the climatic conditions mentioned above- 
temperature and degree of moisture— and its prevalence is favor- 
able to the dissemination of certain types and unfavorable to 
others. The influence of vegetation is both direct and indirect — 
direct in the impossibility of forest-living, especially arboreal 
animals crossing regions where forestation does not occur; and in 
forming, especially in the tropics, so dense a growth of jungle that 
larger terrestrial animals are incapable of penetrating it. Thus, 
in Pleistocene times mastodons of the genus Dihelodon (Chap. 
XXXV) migrated from North into South America over the newly 
established isthmian land bridge, but during the Pleistocene, while 
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there were several species of magnificent elephants (Elephas and 
Mastodon) in North America, none of them apparently succeeded 
in penetrating south of the southern limits of the Mexican plateau. 
The one possible recorded exception is that apparently of a true 
elephant (Elephas columhi), a tooth of which has been re- 
ported from the Lower Pleistocene of Cayenne, French Guiana. 
What the conditions were which prohibited the passage of the later 
elephants into South America, while the earlier ones effected a 
crossing, we do not surely know, but the presence of a tropical 
jungle too dense to be penetrated by such huge beasts as these is 
highly suggestive, for at the present day the vegetation is said 
to be impenetrable to an animal as large as a man, without 
mechanical aid. 

The lack of vegetation very effectively limits the distribution of 
certain forms, notably the primates, which with few exceptions 
are dwellers in tropical forests. Not only do they need trees for 
their safety and usual mode of progression, but also as a source of 
food, for the primates as an order live upon fruit, nuts, and blos- 
soms, as well as upon insects and small birds, all of which are prod- 
ucts of these forests. Primates were very prevalent during the 
Eocene in western North America. At the close of the Eocene 
period, ho\^ever, they became utterly extinct in North America, 
nor is there the slightest evidence of their reappearance until the 
coming of man. The Eocene, especially during the middle part, 
when the primates were most abundant, was a time of subtropical 
or warrn-temperate conditions, as the rocks contain palms and 
bananas mingled with many similar mild temperate trees. With 
the ushering in of the next period, however, that of the Oligocene, 
and more especially in the Miocene, the tropical forests gave way 
to those consisting largely of deciduous trees which could not sup- 
port a primate population all the year, hence their local extinction. 

This serves to illustrate not only the means whereby the absence 
of vegetation may limit dispersal, but also the way in which food 
supply limits distributiori. Other illustrations would be the neces- 
sity for trees and shrubbery for animals with short-crowned brows- 
ing teeth, on the one hand, and of extensive pasturage of harsh 
grasses for those with long-crowned grazing teeth, on the other, 
each type of vegetation being unadapted to the other type of an- 
imal. Vegetation is important also in the case of many insects; 
caterpillars, for instance, may be addicted to a certain species of 
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food plant and be coextensive with it in distribution and unable to 
exist where the plant does not occur. Conversely, some plants are 
absolutely dependent upon certain species of insects for pollination, 
without which they can not propagate their seeds. Parasitic in- 
sects which depend in turn upon the plant-feeders can not of course 
exist where the latter do not occur, for many parasites are limited 
exclusively to a certain genus and species of host, and this again 
may be restricted to a very small group of plants. Insectivorous 
birds may be in a measure dependent on certain specific insects, 
the limits of whose distribution determine theirs, while frugivorous 
birds, or those which, like the humming-birds, sip nectar from the 
flowers, are directly limited by the existence of certain types of 
vegetation. ‘‘Thus the whole fauna and flora of a district is bound 
together by a complicated network of particular conditions, and the 
slightest alteration in any detail may upset the balance of the whole 
and lead to far-reaching and unforeseen results^’ (Bartholomew). 

Large Bodies of Water. — Extensive bodies of water, when not 
frozen, form perhaps the most insuperable barriers of all, especially 
to terrestrial vertebrates like the amphibians, reptiles, and mam- 
mals, but not to those which have powers of sustained flight, such 
as birds and bats. Fresh- water fishes are also prevented from 
migration by large bodies of salt water, although certain fishes such 
as the shad, salmon, sturgeon, and smelt — the anadromous (Gr. 
iivd, up, and bpafielv, to run) fishes — pass from salt to fresh water 
annually, while in the catadromous ((fr. Kara, down) eels the re- 
verse migration occurs. The barrier is effective, therefore, only in 
the case of exclusively fresh-water types, such as the carps, gar- 
pikes, catfishes, bowfin, and brook trout, some of which are quite 
locally restricted. To the modern Amphibia salt water constitutes 
a most effective barrier as common salt is poisonous to the am- 
phibia, even a solution of 1 per cent preventing the development of 
their larv®.* Undoubtedly, however, many individuals have made 
long voyages across the seas on floating timber (see page 46). Solu- 
tions of lime are likewise detrimental to many species, and as a 
rule limestone-terrain is poor in amphibian life; Salamandra 
maculosa, for instance, is absent in Central Germany on the Mus- 
chelkalk, but occurs in abundance in neighboring districts of sand- 
stone or granite (Gadow). 

1 An exception to this is seen in the tadpoles of frogs which have been observed 
developing in the waters of a tidal creek opening into Manila Bay (see page 61). 
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Amphibia are, as one would infer, almost completely absent 
from oceanic islands, the Seychelles, New Caledonia, and the Fiji 
and Solomon islands forming island groups exceptional to a general 
rule. Another remarkable fact is the very nearly universal limita- 
tion of the tailed forms — sirens, newts, salamanders, etc. — to the 
northern hemisphere, for the southern land mass(is, Australia, 
Africa, and South America, are almost if not entirely isolated by 
the oceans, and the small migratory roads left open, which have 
proved sufficient for such creatures as the mammals, are inadequate 
for these inactive amphibians. The burrowing csecilians, on the 
other hand, are confined to South America and Africa, with the ex- 
ception of the Seychelles, southern India, and the East Indian 
islands of Sumatra, Java, and Borneo, all of which are supposed 
to be relics of an ancient southern continent, for whose existence 
prior to the Tertiary period there is much evidence. The Anura 
(frogs and toads) enjoy a much broader distribution than the 
tailed forms, being barred in their over-seas migration only from 
the most remote of oceanic islands. Their methods of dispersal 
will be discussed later (page 46). 

For some reptiles, notably the Crocodilia and marine turtles, 
the seas of course afford no obstacle, the only practical limit to 
their distrffiution being that imposed by temperature. Among 
the most interesting of living reptiles are the giant tortoises, some 
of which have been in captivity for upwards of a hundred and 
fifty years. They are confined to-day entirely to certain oceanic 
islands — the Galapagos Islands off the coast of Ecuador {galapago 
being one of the Spanish terms for tortoise), and the islands of the 
western Indian Ocean, namely, the Mascarenes (Reunion, Mauri- 
tius, and Rodriguez), the Comoros, the Aldabras, the Amirantes, 
and the Seychelles. On the other hand, these tortoises are totally 
extinct on the mainland of South America, Africa, and Eurasia. 
Their shells are common as fossils, however, in India, Europe, and 
North America, in rocks of Miocene to Pleistocene age. As land 
tortoises are drowned within a few hours if they attempt to swim, 
their distribution could not have been accomplished by any over- 
seas journey, but must indicate again former land connections over 
which they could travel.^ Their present distribution is also within 
the limits of the ancient Gondwana land mentioned above. 

1 The geologic evidence seems to be partly at variance, in that the Galapagos 
are volcanic islands and may always have been such. 
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The serpents, many of which are fairly good swimmers, are in- 
capable of passing large bodies of salt water of their own volition, 
with the ex(^eption of the specially adapted sea-snakes, which are 
found in the tropical seas, sometimes several hundreds of miles 
from land. Lizards in their adult condition are as incapable of 
passing an oceanic barrier as are the snakes, but, as Heilprin re- 
marks, ^4t would appear that in some special way — whether as 
(effected by the oceanic currents themselves or through the agency 
of birds — their eggs may be transported to very considerable dis- 
tances out to sea, since this ordc^r of animals is sufficiently repre- 
sented in remote islands where neither snakes nor amphibians have 
as yet been encountered.” 

With the birds, as we shall see, it is only the flightless forms, such 
as the ostrich, rhea, and cassowary, or the apteryx of New Zealand, 
which are debarrc'd from trans-oceanic migrations, for even small 
birds are carried far on favoring gales. 

With mammals, except those which, like the whales and seals, 
are especially adapted to marine life, bodies of water of a greater 
expanse than 20 to 50 miles are impassable when not frozen. Many 
mammals are, however, excellent swimmers, the jaguar being 
known to cross the broadest of the South American rivers, while 
the tiger and elephant, as well as the deer, will all take to the water 
freely; but it is doubtful whether any of them will venture out of 
sight of land. Heilprin summarizes as follows: although ^4t may 
safely be conceded, from our present knowledge on the subject, 
that while many of the land Mammalia can effect with safety, 
and even readiness, such water passages as are most generally to be 
met with on continental areas, none, probably, would be prompted 
to undertake a journey across an arm of the sea whose width meas- 
ured 50 or more miles, or even one much exceeding half that extent. 
To these difficulties or impossibilities in the way of dispersion must 
be attributed the circumstance that the vast number of oceanic 
islands arc deficient, except where man has effected an introduc- 
tion, in representatives of this particular class of animals.” The 
finding of allied or nearly identical forms of mammals upon land 
masses now isolated generally points to former land connections 
where none now exist. 

Just as bodies of water prevent the passage of land animals, so 
land masses form barriers to the spread of sea life. Such, for in- 
stance, is Cape Cod, which separates the relatively cold waters of 
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Massachusetts Bay from the ocean to the south, with a very 
marked distinction in the contained faunas. The Isthmus of 
Panama is another case in point, while certain relic seas like the 
Caspian contain seals, porpoises, and other marine vertebrates 
whose forefathers entered it when it was an arm of the sea; their 
descendants being in turn cut off from the ocean with the severance 
of communication. A species of shark in Lake Nicaragua is an- 
other such zoological exile. 

Impurity and Lack of Salinity of Sea-Water. — These afford an 
effective barrier to the dispersal of certain kinds of marine animals, 
such as the bracliiopods, echinoids, crinoids, starfishes, squids, and 
foraminifers, but notably the corals and sponges. While there 
are fresh-water sponges, they form a very small proportion of the 
entire number which are extant, and none have skeletal structures. 
On the other hand, the corals are exclusively marine although a 
few are known in brackish and even in tolerably fresh water. These 
exceptions, however, are notable, for as a rule all such forms re- 
quire a water of maximum purity and salinity. Hence it is that 
extensive coral reefs or sponge-growing areas are never found near 
the mouths of large rivers such as the Amazon, Orinoco, or Missis- 
sippi, each of which bears a great load of sediment seaward. The 
Great Barrier Reef of Australia extends along the eastern shore 
of that continent for a distance of 1500 miles, and along the entire 
adjacent coast the map fails to reveal a single river of importance, 
although there are a few relatively small streams. 

Means of Dispersal 

Animals and plants are so widespread over the surface of the 
globe that migratory routes must be many, despite the effective 
barriers which have been mentioned. The means of dispersal are: 

Land Bridges. — Land bridges, such as those at Suez and Pan- 
ama, both of which are of comparatively recent origin, geologically 
speaking, have nevertheless afforded the means whereby conti- 
nents received their faunas. The Panamanian bridge is of partic- 
ular interest because we know the history of its existence so well. 
There was evidently land connection between North and South 
America at least up to late Eocene time, although it has not 
always have been where the Isthmus of Panama now lies. While 
that connection existed there was free intermigration between the 
continents, but during a long neriod of severance — until Middle 
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Miocene time — no interchange of species was possible, and each 
fauna underwent a remarkable evolution, without the admixture 
of forms from the other. The re-formation of the land bridge, 
however, opened up the avenues of migration, and we find re- 
corded the incursion of the more virile North American types into 
South America, such as the mastodons, horses, deer, wolves, and 
cats, and the immigration of South American forms, the ground- 
sloths, armadillos, and other species in exchange (see Chapter 
XXXVIII). Bering Strait, although now impassable except over 
the ice in winter, has been at various times in the geologic past a 
migratory route of the utmost significance, so important in fact 
that the land animals of North America and those of the Eurasian 
continent show the closest blood relationship, and this was es- 
pecially true during Tertiary time. In fact, as Matthew says: 

^'The Alaskan bridge is in existence to-day, only a few yards of 
its planking removed, if one may so speak, the substructure in- 
tact, and the marks of the missing planks still showing on the 
undamaged portion. Actually the intervening water between 
America and Asia has a width of only 36 miles and a depth of 
from 23 to 30 fathoms, so that the comparatively slight elevation 
of 200 feet would afford dry and safe transit for the passing and re- 
passing hosts. 

Natural Rafts and Driftwood. — Terrestrial animals, either ac- 
cidentally or with intent, occasionally take passage upon drift- 
ing material which enables them to accomplish over-water jour- 
neys which are sometimes of considerable extent. Many Arctic 
animals, such as the reindeer, will go out upon the ice to effect a 
crossing like that over Bering Strait, the Nova Zembla reindeer 
occasionally going to Spitzbergen, a distance of 240 miles; or such 
forms as the polar bear may venture out upon the shore ice for 
the seals or fish which constitute their prey. These bears are 
splendid swimmers, for one was observed by Captain Parry in 
Barrows Strait 20 miles from shore, with no ice in sight. Even 
such natatorial powers would not, however, take them to Iceland, 
and yet living bears are stranded on the Icelandic shores every 
year, no fewer than twelve having arrived in one season. In such 
instances, the journey was probably very largely accomplished 
by means of floating ice floes which had broken away from their 
moorings. 

Natural rafts of vegetation are a very potent factor in dispersal. 
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These are masses of driftwood and leaves held together by a tangle 
of vines, creepers, and other vegetation, and sometimes having a 
covering of soil sufficient to maintain living plants or even trees. 
Such rafts are formed by the natural accumulations of timber along 
the rivers, caused by the caving of the banks on the outside of the 
river bends, and as larger masses are formed they arc swept out 
to sea by the action of the stream. Such natural rafts have been 
reported several times more than a hundred miles beyond the 
mouths of some of the world’s great rivers and in one recorded 
instance the distance traveled was over a thousand miles! Heil- 
prin tells us that floating masses of wood, with upright trees grow- 
ing over them, were mistaken by Admiral Smyth in the Philippine 
seas for true islands, until their motion made their real nature ap- 
parent. Such rafts often have quite an assemblage of animal life, 
such as monkeys, tiger-cats, squirrels, and arboreal mammals in 
general, together with reptiles and molluscs. 

A boa, a huge species of snake, was transported 200 miles 
on a cedar tree to St. Vincent, and Heilprin records the landing of 
four pumas in a single night in the town of Montevideo. He goes 
on to say: ‘^To what distance such a floating raft with its living 
cargo may ultimately be carried in safety, and without detriment 
to its inhabitants, over the oceanic surface there are as yet no 
data for determining. But there would appear to be no reason for 
assuming that they could not be transported to a distance of sev- 
eral hundreds of miles, seeing that the upright vegetation found 
on many of them would serve with powerful effect in the face of a 
wind. And while the majority of the animal inhabitants might be 
exterminated before the end of the voyage, the safe arrival on an 
island or distant shore of a very limited number of individuals, 
embracing both males and females, would serve in a short period, 
under favourable conditions, to stock the new land with the 
species. That an absolute limit is set, however, to migration as 
effected in this manner is proved conclusively by the utter absence 
in most of the oceanic islands of indigenous mammals, excepting 
bats.” 

Favoring Gales. — The forms aided by this means are the aerial 
nekton— insects, birds, and bats — and while all three can progress 
without the aid of favoring winds their flight is very largely in- 
creased thereby. This aid is perhaps largely accidental, neverthe- 
less migratory birds are known to take deliberate advantage of it. 
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Insects present numerous instances of great powers of sustained 
flight when aided by air currents, of which the most conclusive are 
naturally those recorded at sea. The ship Pleione^ on reaching a 
point some 960 miles south-west of the Cape Verde Islands, came 
upon hundreds of moths belonging to a species which is common 
in the Eastern Tropics, but is not found in South America, the 
nearest land. From the direction of the wind during the previous 
i’our days, it appeared to be beyond doubt that the insects had 
3 ome from the Cape Verdes, and therefore must have crossed nearly 
% thousand miles of ocean! The nuptial flights of many insects 
often aid, either incidentally or designedly, in their dispersal, 
when taken upon windy days. 

Bird flight is marvelous, and some recorded instances are cred- 
ible only in these days of the perfection of the airplane. Many 
birds are known to pass several hundreds of miles on the wing 
without rest and it is highly probable that their unaided flight 
may extend over one or more thousand. The wild goose is supposed 
to fly at 60 to 75 miles an hour and the swallow at 90 or more, and 
many other birds may be nearly if not quite as speedy. A sus- 
tained flight of ten to twelve hours is not beyond belief, otherwise 
the enormous distances which certain migratory birds cover would 
not be possible. Land birds have been met with at all points in the 
transatlantic passage, but it is quite probable that passing craft 
afford temporary refuge to the weary ones. The prevailing westerly 
winds between 30° and 58° north latitude carry many birds all the 
way across, for the landing of American birds during or after 
heavy storms upon the coast of England and the island of Heligo- 
land is no unusual thing. North of 58° the prevailing winds are 
easterly, so that the European birds are transported to America 
by way of Iceland and Greenland. The west to east passage is 
much easier, however, as the transatlantic airplane flights have 
repeatedly demonstrated. Bats are found the world over, even on 
the most remote sea isles, where they may be the only indigenous 
mammals. This is sufficient evidence for their migratory powers. 

Migrations 

Migrations are of two sorts: permanent or racial movements 
where there is some such impelling cause as the changing of cli- 
matic conditions, or the unendurable increase of competition for 
food, shelter, or safety at home. Many such are recorded and will 
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be recorded in human history, like the coming of the white men to 
America, while prehistory has innumerable instances of the same 
thing. A few such were the intermigrations between North and 
South America, already referred to; the world-wide dispersal of 
the elephants from their primal African home, and of the American 
camels into Asia, and their relatives, the llamas, into South Amer- 
ica. For several such migrations of horse-like forms between North 
America and the Old World there is also abundant evidence. 

Seasonal migrations also occur for food and for reproduction. 
Those for food occur in the temperate and frigid zones where the 
inclement weather of winter brings such scarcity of sustenance that 
animals must migrate or starve. The caribou of North America 
make such seasonal migrations and the American bison or “buf- 
falo’^ were also known to do so. The migrations of many insects 
such as the “Rocky Mountain locust” are well known. 

The most remarkable migrations are those for reproduction, 
for many animals have within them a wonderful homing instinct 
which impels them to seek out their own birthplace for the pur- 
pose of bringing forth their young. Under this head come the 
movements of certain fishes such as the herring and alewife into 
shoal waters along the coasts, and the shad, sturgeon, and salmon 
to the rivers. The last mentioned ascend the Columbia and Yukon 
for thousands of miles, passing all but impassable obstructions in 
their journey and wearing themselves out in its accomplishment. 

Some bird migrants also cover thousands of miles, as, for exam- 
ple, a cuckoo which makes the annual journey from Fiji to New 
Zealand and return, an over-seas voyage of 1500 miles in either 
direction. The curlew-sandpiper breeds on the Siberian tundras, 
but goes in the northern winter to the Cape of Good Hope, Tas- 
mania, and Patagonia down the three main continental axes (see 
map. Fig. 254). The Asiatic golden plover migrates from Alaska 
to Hawaii, a distance of 2000 miles, with no possibility of rest. 
Others, like the penguins, make their long migrations by swim- 
ming. 

Of the mammals, the sea-lions or fur seals of Alaska excite our 
admiration, not so much from the length of their journey of 1500 
miles but because of the apparent accuracy and precision of their 
navigation, always arriving at the beach in the Pribilof Islands, 
for instance, at approximately the same time and place as the year 
before; but, while their actual passage seems to be as mysterioui^ 
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as that of a raiding siibinarine, it is largely controlled by seasonal 
changes in water temperature and the trend of ocean currents. 

ZOOGEOGRAPHICAL REALMS 

Students of animal distribution have divided the world^s sur- 
face into a number of distinct areas according to the likeness or 
unlikeness of their faunse. These divisions are based very largely 
upon the distribution of mammals, but they serve nearly as well 
to show the dissemination of other terrestrial groups, though 
manifestly not at all for the birds or for marine types. Several 
plans have been proposed having many points of resemblance but 
differing in certain minor details. The boundaries and nomencla- 
ture given on the present map (Fig. 7) are largely those of W. L. 
and P. L. Sclater, proposed in 1899. The realms are plotted upon a 
polar projection map instead of the usual Mercator’s projection, 
as the former renders the migratory routes much more intelligible. 

Most naturalists agree in dividing the land surface of the globe 
Into six primary areas, to which the term realm has been applied. 
These have been more or less divided into subrealms, some of 
which are in the nature of transition areas between the larger 
realms. The six realms are: 

1. The Nearctic (Gr. veosy new, and apKTLKoSy arctic), embrac- 
ing all of North America to the edge of the Mexican plateau and 
including all of the islands to the north, together with Greenland. 

2. The Neoiropicaly consisting of Central America south of the 
Mexican plateau, all of South America and the Antilles or West 
Indian islands. 

3. The Palearctic (Gr. TraXatos, ancient), embracing the whole 
Eurasian continent, except that portion lying south of the north- 
ern line of Persia and Afghanistan, the Himalaya Mountains, 
and the Nan-ling Range in China, all of which are barriers of a 
physical nature which most animals cannot surmount. Africa 
north of the Sahara, Iceland, Spitzbergen, and the Arctic islands 
north of Siberia are included in this realm. 

4. The Ethiopiariy including all of Africa and Arabia south of 
the Tropic of Cancer, although some authorities extend it north 
to the Atlas Mountains, making it thus include the entire Sahara. 
Madagascar and other small adjacent islands also come within 
this realm. It is almost exclusively tropical, more so than any 
other region. 



Fig. 7. — Map of zo5geo- 
gl^Iphical realms. Polar pro- 
iection. 
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5. The Oriental^ consisting of the southern coast of Asia east 
of the P(^rsian Gulf, the entire peninsula of India south of the 
Himalayas, India East, and the portion of China south of the 
Nan-ling Range (Malaysia). The islands of Sumatra, Borneo, 
Java, Celebes, and the Philippines arc also included. 

6. The Australian, embracing Australia, New Guinea, Tas- 
mania, New Zealand, and the oceanic islands of the Pacific. 

Owing to the great similarity of their respective faimiB the 
Nearctic and Palearctic are sometimes grouped together as the 
Holar(;tic (Gr. oXos, entire) realm. 

Lydekker has proposed three major terms to include the whole 
terrestrial surface, which made a strong appeal to the student of 
extinct as well as of living mammals, as they represent the three 
great areas of independent mammalian evolution (see continental 
adaptive radiation, Chapter XVIII). Lydekker would include 
Nearctic, Palearctic, Ethiopian, and Oriental regions, among which 
there has generally been more or less freedom of intermigration, 
in one great Arctogjeic (Gr. apxros, north, and yala, land) realm. 
South America or the Neotropical region was for a long time dur- 
ing the Tertiary isolated from the rest of the world and to it he 
has given the name Ncogsea or the Neogseic realm. The third 
great realm, the Australian, which has been isolated since the 
beginning of the Tertiary, he calls Notogiea (Gr. votos, south), 
and this is to-day the home of those living “Mesozoic” mammals, 
the marsupials, which competition has practically eliminated from 
the rest of the globe. 
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CHAPTER IV 


BATHYMETRIC DISTRIBUTION 

Definition. — Bathymetric^ distribution concerns itself with the 
V'ertical range of organisms in space, and means much more than 
mere altitude, for in passing from the highest alpine peak to 
the abysmal depths of the sea one would find a series of contrast- 
ing conditions which of necessity profoundly affect the organism. 
( f these the primary conditions are three. (1) The air or water 
medium, which determines the method of breathing, is, with few 
exceptions, in each case prohibitive to the inhabitants of the other. 

(2) The presence or absence of light not only modifies the animal 
directly but indirectly through its effect upon the food supply, 
for assimilative plants, which form the ultimate nourishment of 
all animate nature, cannot exist where light is wholly absent. 

(3) The third primary condition is the presence or absence of a 
substratum, without which the organisms must be self-supporting, 
either buoyant or able to swim. This condition therefore deter- 
mines the bionomic group to which the animal belongs, whether 
plankton or nekton on the one hand, or benthos on the other (see 
Chapter II). 

The secondary conditions limiting bathymetric distribution are 
whether the water be fresh or salt, and the increase of pressure 
with the depth — very slight for air-dwelling forms but relatively 
enormous for those dwelling in the sea. 

Three Organic Realms 

Hence from the bathymetric as well as from the geographic 
standpoint three organic realms may be recognized. The bathy- 
metric divisions are : 

1. Geohiotic (Gr. yrj, land, and jStcoriKos, pertaining to life) or 
terrestrial. 

^Bathymetric (Gr. ^ddos, depth or height, and fxeTpeiv, to measure) is here 
used to cover the entire vertical range of organisms in accordance with the prac- 
tice of Parker and Haswell and of Grabau. Other authorities limit it to the aquatic 
realm, using the term altitudinal for the distribution of terrestrial forms. 
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2. Limnohioiic (Gr. lake) or fresh-water inhabiting (lakes 

or rivers) . 

3. Halobiotic (Gr. aXs, sea) or marine or salt-water inhabiting 
(the sea). 

These three realms stand in marked contrast to one another, 
although, as we shall see, the inhabitants do intermingle to a cer- 
tain extent at their lines of contact, which also give opportunity 
for permanent intermigrations. 



54 


ORGANIC EVOLUTION 


Geobiotic or Terrestrial Realm 

The terrestrial realm extends from high-tide mark along the 
shores of all continents and islands to the summit of the highest 
elevation. It ranges in altitude, therefore, from lowlands to the 
Alpine subregion, and each division — lowland, upland, prairie, 
high plain, or mountain range — has its own distinctive fauna and 
flora, governed by many influences, but in part at least by altitude. 
This last limits quite effectively the character of the flora, as for 
example the contrasting vegetation of the tropical Mexican coastal 
lowlands on the one hand and of the temperate high plateau on 
the other. The so-called timber-line, the limit of tree growth, is 
also governed by altitude, although varying in different regions, 
due to latitude and climate. 

One additional terrestrial subrealm is the Cryptozoic (Gr. 
KpvTTOs, to hide, and fcoi7, life) or the subterranean caves, the 
only place in the geobiotic realm where light is absent. As we shall 
see in a later chapter (Chapter XXIII) this forms a limited bi- 
otic environment which profoundly affects its denizens. Internal 
parasites and the wood-boring larvjB of insects also dwell in a 
lightless environment and are consequently modified. 

Limnobiotic Realm 

The terrestrial waters contain a rather limited fauna, as compar- 
atively few invertebrates have ever attained a foothold therein. 
This possibly is due in part to the freshness of the water, but also 
to the flowing character of the terrestrial waters, a condition to 
which the great majority of invertebrates with their mero-plank- 
tonic larvse cannot adapt themselves. Certain lakes and relic 
seas are the only bodies of fresh water of sufficient depth to have 
the deep-sea characteristics of absence of light and increase of 
pressure, but we do not find such profound modifications in lacus- 
trine forms as in those which people the abyss. This is probably 
due in large measure to the evanescent character of all lakes from 
the geologic point of view. They are individually so short-lived 
that there has not been time for any very marked adaptive char- 
acteristics to develop in their inhabitants. Thus, for instance, 
while luminescent or light-producing organs are so character- 
istic of deep-sea and nocturnal marine animals, none are found 
either in the deep lakes or in the equally evanescent caves, al- 
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though in each instance they might be very useful in the struggle 
for existence. 


Halohiotic or Marine Realm 

Biologically speaking, the most important bathymetric realm 
is the marine, for here we find all the contrasting characteristics 
abundantly developed, except, of course, the atmospheric medium, 
and in addition the ages during which the ocean has existed have 
afforded sufficient time for evolution to run its course. 

The marine realm is divided into four subrealms, whose char- 
acteristics are as follows: 

Strandj light, substratum present 1 j -x. i 

Flatsea or shallow sea, J 

Pelagic, absent 

Abyssal, dark, present or absent 

Strand. — The strand or tidal zone is the transitional area be- 
tween the marine and terrestrial realms, for here the inhabitants 
are left bare twice daily by the receding tide and have to endure 
drying, either by means of closable vshells or other devices, or bur- 
row down into the moist sands, or must be able to breathe both 
the air and the water. The tidal zone is of course of very variable 
extent, owing to the differing height of tides and the declivity of 
the strand itself, and ranges from a width of a few feet to several 
and in rare cases to many miles; in the Bay of Fundy, the tides, 
running into a constantly narrowing area, grow proportionately 
higher until they attain the greatest altitude recorded in the world, 
about 50 feet at the time of the highest tides. Thus in Minas 
Basin, full-rigged deep-water ships were seen lying in the red 
mud with no water in sight, and yet a few hours later they were 
borne on the bosom of the incoming tide. 

Flatsea. — The term flatsea or shallow sea is applied to the waters 
overlying the continental shelf below low-water mark. This con- 
tinental shelf is formed by the action of storm waves, which are 
continually cutting back the shore-line and depositing the debris, 
together with other land waste, upon the area, especially at its 
outer edge. This margin, which marks the extreme limit of wave 
action, is in round numbers about 600 feet below the surface of 
the sea, or at the 100-fathom line. 

The continental shelf varies in extent, as does the strand, in- 
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creasing in width at both the inner and outer margins, and is nar- 
rowest along the newer shores of continents and islands and widest 
where the coastal area is old or possibly subsiding. The slope of 
the continental shelf is, in general, long and smooth, the bottom 
near the outer edge descending more or less rapidly to the more 
profound depths of the sea (see diagram, Fig. 8). 

The flatsea is of the utmost importance biologically, for it 
has both light with its attendant vegetation, and a substratum 
whereupon benthonic organisms may dwell. Furthermore, its 
relative shallowness makes the presence of comparatively low 
physical barriers effective for the isolation which is so essential in 
evolution. All of these factors, light, plant-food, movements of 
the waters, warmth, and isolation, make the flatsea a veritable 
hot-bed of evolution. Its importance as such has been abundantly 
recognized, so that it has been called the cradle of evolution.’’ 

^‘The shore-fauna is certainly the most representative of all faunas. 
What pictures rise in the mind! Swiftly moving infusorians lashing their 
way through the water; Foraminifera with beautiful shells of lime slowly 
gliding on the fronds of sea-weed; calcareous sponges like little vases and 
more irregular flinty- and horny-sponges, sometimes coating the rocks like 
the common crumb-of-bread sponge, sometimes growing in beds like the 
plants they were once supposed to be; hydroid zoophytes like miniature 
trees on rock or sea-weed; sea-anemones and corals often like beds of 
flowers, living an easy-going life, waiting for food to drop into their mouths, 
or stinging small passers-by; unsegmented w'orrns such as the ‘living films ^ 
which glide on the sea-weeds or stones like mysteriously moving leaves, 
and the nemertines or ribbon-worms, also covered with cilia, but provided 
with a remarkable protrusible proboscis, sometimes ejected so violently 
as a weapon that it breaks off altogether and wriggles like a worm itself; 
the higher ringed worms or annelids in extraordinary numbers, like Nereis, 
Fliyllodoce, and Aphrodite itself, so beautiful in themselves and in their 
names that we can understand the enthusiasm of the ex})ert who is said 
to have named his seven daughters after seven favorite Polychads; the 
starhsh creeping up the rocks with their strange hydraulic locomotor sys- 
tem, the brittle-stars using their lithe arms like gymnasts, the sea-urchins 
tumbling along on the tips of their teeth, and the sluggish sea-cucumbers 
plunging their tentacles into the mud and then into their mouths; the 
beautiful colonies of ‘moss-animals^ or Bryozoa, crusting stone and weed 
as if with lace, or forming leaf-like fronds like the searnat {Fliistm), which 
was one of the first animals Charles Darwin w^orked at, or growing into 
calcareous tufts as if in mimicry of corals; myriads of crustaceans, such as 
water-fleas, acorn-shells, beach-fleas, sandhoppers, no-body crabs, sea- 
slaters, shrimps, hermit-crabs, and shore-crabs proper; strange sea-spiders, 
neither crustaceans nor spiders, like Pycnogonum Uttorale, clambering 
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among the sea-weeds and hydroids; . . . bivalves innumerable, such as 
cockles and mussels, oysters and razor-fish; herbivorous gasteropods like 
periwinkles, and voracious carnivores like the dog-whelks and buckies; 
sedentary limpets with a slight range of movement and a slight memory 
for locality, since beyond a narrow radius they fail to find their wa}^ home; 
an occasional cuttle-fish caught in a shore-pool and many more further out; 
a large representation of ascidians or sea-squirts, both simple and com- 
pound, which lie at the base of the vertebrate series; the lancclcts {Am- 
phioxvs) buried all but their mouth in the fine sand; true shore-fishes like 
sand-eels and gunnels and shannies; an occasional reptile like the lizard 
whi(;h swims out among the rocks, or a j)oisonous sea- 
snake, or a turtle coming ashore to lay her eggs; numerous shore-birds 
like oyster-catcher and rock pipit, gull and cormorant; and an occasional 
mammal like otter and seal — on the whole a more represeMativeJaima than 
in any other life-area.'^’ 

Keen Struggle for Existence. — ^‘It is evident that the shore-area must 
be characterized by a keen struggle for existence. In the ()i)cn sea there 
is practically no limit to the floating room and swimming room, but the 
shore is narrow and crowded. In a rock pool there is often no vacant 
niche. There is competition even iov foothold. It is important, for instance, 
that the limpet which makes little journeys in search of sea-weed to nit)ble 
should not go too far, else it will not find its way back, and will have lost 
the spot which its shell has grown to fit. It is curious, too, to see the Amer- 
ican slipper-limpet — one growing on the top of another to tlie number of 
four or five-suggestive of the root-idea of a skyscraper” (Thomson). 

The term littoral is variously used but may include both the 
strand and flatsea. 

Pelagic Realm. — The pelagic realm embraces all of the super- 
ficial waters of the ocean down to the depth to which effective 
sunlight penetrates. It is characterized physically by the presence 
of light and the absence of a substratum. In the upper portion 
there is variable temperature and frequent and violent wave ac- 
tion, while in its lower strata the movement of the waters and the 
temperature are greatly reduced. 

The distance to which sunlight penetrates varies, being manifestly 
greater in the tropics where the sun’s rays may be perpendicular to the 
surface of the sea, and less toward either pole where the rays become more 
and more oblique. By exposing photographic plates at various depths 
it has been ascertained that light penetrates in the tropics to a depth of 
3250 feet, though this is true only of the ultraviolet and blue rays. Red 
and green rays fail to penetrate to 1625 feet, but at 325 feet all of the rays 
of ordinary bright sunshine are present, though red light is the least strong. 

Assimilating plant life, which forms the ultimate food supply 
of all animals, is dependent upon the presence of these red, orange^ 
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and yellow rays, which virtually restricts it to the upper 500 feet 
of oceanic waters. The importance of this is such that the verti- 
cal limit of the pelagic zone may be placed at about 600 feet or 
100 fathoms; hence it becomes a seaward extension of the flatsea. 

Owing to the absence of a substratum, however, no benthonic 
forms can exist in the pelagic realm, but all must be either nek- 
tonic or planktonic. The pelagic realm constitutes therefore the 
high seas, and is not only the meeting place of the commerce of all 
nations but the great means of dispersal for countless forms of 
marine life, including the mero-planktonic larvae of shallow- and 
deep-water benthos. 

Abyssal Realm. — The abyssal realm is that portion beyond the 
limits of the continental shelf and beneath the pelagic, and in- 
cludes all waters below a depth of 100 fathoms. This realm may 
be divided into the abysso-pelagic zone, wherein there is no sub- 
stratum, and all organisms, like those of the pelagic, must swim 
or float; and the abysso-benthonic zone, in which a substratum is 
present. 

The main characteristics of the abyssal realm arc: 

1. Absence of light. Light of course must exist in the upper 
transitional strata but it lacks the rays essential to assimilating 
plant life, hence none exists. The animals therefore are all either 
carnivorous or feed upon dead organic matter, some of which is 
of plant origin (oozes, see Chapter XXIIl). Below ( he transitional 
realm the darkness, except for organic luminescence, is profound. 

2. Quiescence. There is an utter absence of movement aside 
from the sluggish ocean currents of the greater depths, the prog- 
ress of which is immeasurably slow. 

3. Cold. Below a certain depth, the waters in all oceans the 
world over have become permanently chilled nearly to the freezing 
point of fresh water, and all diurnal and seasonal variations of 
temperature and those due to the climatic zones cease to exist. 

The mean temperature of the Atlantic at the surface is 68° F., at 500 
fathoms 37°, at 1000 fathoms 35.6.° The Mediterranean, on the other 
hand, is warmer, owing to the barrier at the Strait of Gibraltar, which 
prevents the circulation of the deeper and colder waters. At equivalent 
depths the Mediterranean temperatures are: surface, 75° F., 500 fathoms, 
55° F., and 1000 fathoms, 55°. 

4. Pressure. The pressure of the abyssal waters is enormous, 
increasing directly with the depth, the ratio of increase being about 
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one ton to the square inch of surface for every thousand fathoms 
of depth, as compared with the normal air pressure of approxi- 
mately 15 pounds to the square inch at sea-level. 

Thus the abyssal realm constitutes a simple biotic environ- 
ment of vast extent but of comparatively uniform and changeles» 
character and h(ai(;e one not condiurive to rapid evolutionary 
change. None of the d(x^p-sea creatures is old geologically speak- 
ing, for while from 25 to 35 Paleozoic genera are known in the 
present shallow seas, none of the animals which people the deep sea 
is older than the Mesozoic. They seem to be all migrants from shal- 
low water which have become adapted to the deep-sea conditions, 
but there is in no instance the evolution of a new race of animals 
exclusively restricted to the abyssal realm (see Chapter XXIII). 

Intermigrations 

Intermigrations between the various benthonic realms do occur 
where opportunity arises. They are, as in the geographic migra- 
tions, both permanent and temporary, the latter being divided 
in turn into seasonal migrations for breeding and occasional jour- 
neys for food or retreat. 

Permanent migrations shoreward have not been many. Of the 
plants, there have bc^en only the numerous fuci or sea- weeds 
which extend above the limits of the strand from just below high- 
water mark to the limits of salt spray. Thus while strictly terres- 
trial, they still feel the influence of their ancestral home. Beyond 
this point the migration apparently cannot extend. 

Of the animals, certain molluscs are also shoreward migrants, 
but these are gastropods only, for they alone seem able to combine 
air-living with locomotion; the bivalves, for instance, surviving 
exposure to the air by keeping the shell tightly closed, which makes 
any activity manifestly impossible. Examples of shoreward mi- 
grating snails are Littorina of Brazil, which climbs the mangrove 
trees, and Ainpidlaria, the connecting link between land and 
water snails. Of the Crustacea, there are several species of land 
crabs, of which one, Birgus, an ordinary crab-like form, is found 
far from the shore and even climbs mountains and trees, but re- 
turns to the sea-shore every year to breed, the marine habitat of the 
young indicating to us the ancestral home of the species. Another 
land crab, Cenobita diogeneSj is one of the hermit crabs which uti- 
lize the cast-off shell of some gastropod for the protection of their 
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otherwise defenseless body. A specimen from the Dry Tortugas 
group of the Florida Keys actually had a fossil shell {Livona 'pica) 
for its habitation. It is possible that the terrestrial isopods, wood- 
lice and pill-bugs, were also derived from a littoral stock. Proba- 
bly, however, most of the transitions have taken place through 
accident in the relic seas or lakes. 

The transition from aquatic to terrestrial life on the part of the 
vertebrates, altliough doubtless occurring long ago, even previous 
to Devonian time, was another instance of permanent landward 
migration, but whether from the marine littoral, the land-locked 
seas (relic seas freshened into relic lakes), or from the originally 
fresh or terrestrial waters is not quite clear. Evidence, however, 
seems to point to the last supposition. The annual return of 
most amphibia to the limnobiotic rather than the halobiotic realm 
for the purpose of bringing forth their young points to the former 
as the ancestral habitat of the race (see Chapter XXIX). 

Temporary shoreward migrations are seen in several fishes, 
notably the common eel, which may travel from one pond to an- 
other through moist meadow grass. Periophthalmus^ a curious 
fish found along the shores of tropical seas, inhabiting the mud- 
flats at the mouths of the various tropical rivers of the Old World, 
is popularly known as the walking fish or mud-skipper, as it emerges 
freely from the water for hours at a time, progressing by means of 
its curiously modified pectoral fins. The lung-fishes (Dipnoi), 
whose swim-bladder is modified to serve as a lung, can also live a 
long time out of water. While there is evidence that the Dipnoi 
are the survivors of a widespread group of fishes, they are all con- 
fined to the fresh waters of Australia, Africa, and South America 
to-day. The climbing perch, Anabas, which inhabits fresh waters 
and estuaries in Africa and the oriental region, not only comes 
ashore but actually climbs trees to the height of several feet by 
means of the strong spines on its pelvic fins and gill-covers (see 
Fig. 130). 

Permanent Seaward Migrations. — Of plants there are eight 
species of sea-grasses which have become adapted to salt-water 
life. The mangrove trees make their homes along tropical shores 
within the reach of the tides, but while the roots and portions of 
the trunk may be entirely submerged, the crown of leaves is al- 
ways in the air; the grasses of which mention has just been made 
may, however, be wholly below the surface of the water. 
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Of arthropods, there are a number which have become entirely 
marine, although of terrestrial origin, notably the sargassum in- 
sects which live among the floating fronds of the gulf weed and a 
spider (Desis) found in rocky crevices along the shore. Of the 
vertebrates, the marine migrants belong only to the three higher 
classes, land-to-sea migrations on the part of fishes being a priori 
impossible and on the part of amphibia rare, as salt water is dis- 
tasteful if not actually fatal to them. Doctor Gadow says that 
common salt is poison to the amphibia, nevertheless we have re- 
ports of little frogs of the genus Rana hopping about on the 
flats of a tidal creek opening into Manila Bay, and two holes 
made by a crab were seen to be full of wriggling tadpoles newly 
hatched. The tadpoles were developing in only slightly diluted 
sea-water. However, even though occasional temporary migra- 
tions may occur, there is no instance at present or in the geologic 
past where amphibia have become permanently adapted to marine 
life. 

Of marine reptiles, however, the tale is a very different one, for 
not only are there several different sorts — marine turtles, croco- 
diles, and sea-snakes — living to-day, but the geologic record is 
crowded with remains of sea-going Reptilia — plesiosaurs, the 
wonderfully adapted, dolphin-like ichthyosaurs, the Cretaceous 
sea-serpents or mosasaurs, and many others, all of which have 
become extinct. 

Of birds, many, like the gulls, terns, frigate-bird, auks, and 
petrels, make their home on the bosom of the sea, but none per- 
haps is so thoroughly adapted as the great wandering albatross 
which follows a ship for miles without resting, and has almost en- 
tirely forsaken the land as an abiding place, except for breeding. 

Among ancient forms, Hesperornis (see PI. XV) from the marine 
Cretaceous strata of our great West was an admirable instance of 
a sea-adapted bird. It had lost completely all powers of flight, 
while the retention of reptile-like grasping teeth in its jaws and its 
inclusion in marine sediments in association with plesiosaurs, mo- 
sasaurs, and other marine reptiles and fishes give indubitable evi- 
dence of its habitat. 

Of mammals, the seals, whales, and Sirenia or sea-cows are in- 
stances of permanent seaward migration, possibly by way of the 
terrestrial rivers or estuaries. The resultant modifications of these 
as well as of certain of the marine reptiles, which will be discussed 
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in Chapter XX, are so profound as to render their return to the 
ancestral habitat either a relatively rare temporary migration, as 
in the sea-turtles and seals, or an impossibility, as among the 
ichthyosaurs and whales. 

Temporary Seaward Migrants. — Of temporary seaward mi- 
grants, the most noteworthy is the curious iguana-like lizard 
Amblyrhynchus cristatus (see Fig. 53) which is found in the Gala- 
pagos Islands. Darwin says of it: ‘^It is extremely common on 
all the islands throughout the group, and lives exclusively on the 
rocky sea-beaches, being never found, at least I never saw one, 
even ten yards in-shore. . . . Their tails are flattened sideways, 
and all four feet partially webbed. They are occasionally seen 
some hundred yards from the shore, swimming about. . . . When 
in the water this lizard swims with perfect ease and quickness, by 
a serpentine movement of its body and flattened tail — the legs 
being motionless and closely collapsed on its sides. ... I opened 
the stomachs of several, and found them largely distended with 
minced sea-weed (Ulvse), which grows in thin foliaceous expan- 
sions of a bright green or a dull red colour. ... I have reason to 
believe it grows at the bottom of the sea, at some little distance 
from the coast. If such be the case, the object of these animals 
occasionally going out to sea is explained. . . . The nature of 
this lizard’s food, as well as the structure of its tail and feet, and 
the fact of its having been seen voluntarily swimming out at sea, 
absolutely prove its aquatic habits; yet there is in this respect 
one strange anomaly, namely, that when frightened it will not 
enter the water. Hence it is easy to drive these lizards down to any 
little point overhanging the sea, where they will sooner allow a 
person to catch hold of their tails than jump into the water. . . . 
Perhaps this singular piece of apparent stupidity may be accounted 
for by the circumstance, that this reptile has no enemy whatever 
on shore, whereas at sea it must often fall a prey to the numerous 
sharks. Hence, probably, urged by a fixed and hereditary instinct 
that the shore is its place of safety, whatever the emergency may 
be, it there takes refuge.” 

Among mammals, temporary seaward migrants include the 
polar bear but especially the sea-otter, the latter being of particu- 
lar interest in illustrating the course of evolution which the seals 
must have undergone in their adaptation to permanent marine 
life. This otter (Enhydris) was still comparatively plentiful all 
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along the northern Pacific coast in the middle of the last century, 
but because of its valuable fur has been almost entirely extirpated. 
It is well adapted for aquatic life, with hind feet suited only for 
swimming, back teeth with smooth rounded crowns for crunching 
“shell-fish,” and in the care which the mother shows for the pup, — 
dandling it and diving with it. 

Another very remarkable seaward migrant is the hippopota- 
mus, which while really a terrestrial or river-inhabiting form, 
occasionally takes to sea in its passage from one river-mouth 
to another along shores which would be otherwise difficult to 
traverse. 

Permanent Migrations from Sea to Fluviatile Realm. — In all 

probability the molluscs (fresh- water clams, mussels, and snails), 
the crustaceans, and the crayfish represent permanent or land- 
locked migrants from salt to fresh waters; but the great host of 
marine invertebrates have never succeeded in gaining a permanent 
foothold in the fluviatile realm. There are some curious instances 
of creatures, vertebrates and invertebrates, however, which have 
made what might be called involuntary migrations into fresh 
water. Such animals are found in what are known as relic seas, 
formerly in direct open communication with the oceans but now 
cut off from them. The best-known examples of these are the Black 
Sea and the Caspian Sea, both of which once widely connected 
with the Mediterranean, but have been freshened gradually 
through the inflow of rivers. The animals which inhabit these 
seas are also relic faunas or relic species which upon being cut off 
from their ocean-living brethren have adapted themselves to the 
gradually freshening waters. In the Caspian Sea, for instance, 
while there are comparatively few different hinds of animals, the 
fishes are so abundant in individuals that the fisheries are equal to 
those of the northern Atlantic Ocean. The fauna includes sturgeon, 
salmon, herring, porpoises, and seals. American examples of relic 
seas are possibly Lake Ontario but more especially Lake Cham- 
plain. The elevated beach deposits of Lake Champlain con- 
tain an abundance of marine shells and the bones of seals and 
whales. 

Temporary Migrations from Sea to Fluviatile Realm. — ^There 
are a number of fishes, such as the shad, alewife, sturgeon, and 
salmon, which, while the major portion of their life is spent in the 
sea, ascend rivers periodically to spawn. Of these the most nota- 



64 


ORGANIC EVOLUTION 


ble are the salmon, which ascend the Sacramento River to its ex- 
treme source, a distance of about 400 miles. In the Columbia they 
ascend as far as the Bitter Root and Sawtooth mountains of Idahc^ 
a distance of nearly a thousand miles; but their extreme limit is 
not known. In the Yukon a few ascend to Caribou Crossing and 
Lake Bennett, 2250 miles. ^'At these great distances, when the 
fish have reached the spawning grounds, besides the usual changes 
of the breeding season, their bodies are covered with bruises, on 
which patches of white fungus (Saprolegnia) develop. The fins 
become mutilated, their eyes are often injured or destroyed, par- 
asitic worms gather in their gills, they become extremely ema- 
ciated . . . and as soon as the spawning act is accomplished, and 
sometimes before, all of them die. The ascent of the Cascades and 
the Dalles of the Columbia causes the injury or death of a great 
many salmon” (Jordan). This wonderful instinct again points to 
the salmon and other fishes having originally been fresh- water 
forms which have made a permanent migration seaward in some 
bygone period, but the homing instinct still impels them to return 
to their ancestral waters to bring forth their young, even though 
the act be suicidal so far as the individual is concerned. 

Permanent Migrations from Fluviatile Realm to Sea. — If, as 
certain authorities claim, the land waters are the ancestral home 
of all vertebrates (see Chapter XXVIII), the marine fishes must 
have all come from one or more ancient seaward migrants from 
the fluviatile realm. It has also been argued that the Cetacea, 
some of which, like the blind fresh-water dolphins (Platanistida3) , 
inhabit the rivers of India, made the limnobiotic realm their transi- 
tional habitat in their ancestral migration from land to sea. This, 
however, has not been proved, although the supposition that they 
were at least estuary-inhabiting forms before taking to the high 
seas is certainly plausible. 

Temporary Migrations from Fluviatile Realm to Sea. — Of 

transitory migrants perhaps the most notable is the ordinary 
fresh-water eel. The eels of Europe spawn in a restricted area of 
the western Atlantic, in the vicinity of the West Indies, and the 
feeding grounds of the American forms are in the same vicinity. 
Thomson thus describes their life history: “The early chapters of 
the life-history remain obscure, but the young larva rises to the 
upper sunlit waters as a transparent, sideways-flattened, knife- 
blade-like creature, about three inches in length, with no spot of 
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color save in its eyes. It lives for many months in this state — 
known as a Leptocephalus — expending energy in gentle swimming, 
but taking no food. It subsists on itself, and becomes shorter and 
lighter, and cylindrical instead of blade-like. It is transformed into 
a glass-eel, about two and a half inches long, like a knitting needle 
in girth. It begins to move toward the distant shores and rivers. 
In some cases it may take more than a year to reach the feeding 
ground — those that ascend the rivers of the eastern Baltic having 
journeyed over three thousand miles. Their ranks are thinned, 
but large numbers succeed in finding the estuaries, and the passage 
of millions of elvers up our rivers is one of the most remarkable 
sights of Spring. There is a long period of feeding and growing in 
the slow-flowing reaches of the rivers and in the fish-stocked ponds. 
But there is never any breeding in fresh water, and after some 
years a restlessness seizes the adults as it seized the larvae — a 
restlesvsness due, however, to a reproductive, not to a nutritive 
motive or impulse. There is an excited return journey to the sea — 
they don wedding garments of silver as they go and become large 
of eye. They appear to migrate hundreds of miles, often at least 
out into the Atlantic to the verge of the deep sea, where, as far 
as we know, the individual life ends in giving rise to new lives. In 
no case is there any return.^^ This is an instance of former salt- 
water fish which having made a permanent migration into the 
fresh waters in some remote time, still seek not only their own 
birthplace but that of the race for the purpose of bringing forth 
their own young. 

Migrations from Sea to Air and Air to Sea. — The intermigra- 
tions between the sea and the air are relatively few. Under migra- 
tions from sea to air would come as temporary intermigrants the 
flying fishes, of which several genera, representing a number of 
separate evolutions, are known. Their aerial existence is very 
transitory, as the flights, if such they are, rarely exceed a hundred 
yards and are generally far shorter. 

Of air to sea migrants the penguins are perhaps the best exam- 
ple, they as have lost entirely the power of aerial progression, but 
their wings, through the degeneracy of the feathers and a com- 
pensating broadening of the entire structure, have become ad- 
mirable swimming devices for what may be called submarine 
flight. 
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CHAPTER V 


GEOLOGIC DISTRIBUTION 

The distribution of animals and plants in time is fully as im- 
portant to our understanding of evolution as their distribution in 
space, for while the biologist who bases his research upon recent 
forms alone need concern himself with the latter distribution only, 
the student of the documentary evidences of evolution, which are, 
after all, the final court of appeal, is concerned very deeply with 
the former. The reader is referred to an Historical Geology such 
as Schuchert and Dunbar^s for a complete understanding of the 
basis for the divisions of geologic time, but the following state- 
ments will suffice for our purpose. 

The science of geologic chronology is the result of nearly two 
centuries of growth, and while the major divisions of earth^s history 
and their limitations are now pretty well understood and agreed 
upon, there are yet many details to be adjusted. ^^Geology,^^ says 
Schuchert, ^Vas at first a science of minerals and rocks, and it was 
not until the significance of fossils as determinants of age was 
first worked out in England by Smith (1799-1801) and still more 
clearly by Cuvier and Brongniart in France (1808-1811), that 
stratigraphy and geologic chronology had their beginning.^^ Then 
arose the doctrine of Catastrophism, advocated by Cuvier and 
D’Orbigny, a doctrine by which geologists, with the exception of 
Lyell, were largely swayed until the appearance of The Origin of 
Species, when they gradually came to a belief in the continual 
evolution of life. The idea of Catastrophism has now given way 
to the theory that it is environmental changes, local or general, 
that bring about changes in organisms. Hence the basis for the 
geologic sequence is the fossils that were buried in the rocks at the 
time the latter were formed. In the long earlier portion of the 
earth^s history, however, the life was very rarely preserved, and 
the age of the rocks has to be determined by other methods. 

Eras. — Geologists, as a result of study of the rocks with their 
contained evidences of changing environmental conditions, have 
divided the earth's past history into a number of major divisions 
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GEOLOGIC CHRONOLOGY FOR NORTH AMERICA 


Eras 

Major 

Divisions 

1 Periods and Epochs 

Advances in Life 

Dominant 

Life 

PSYCHO- 

ZOIC 


Recent 

(Post-Glacial) 

Rise of world civi- 
lization 

The era of mental 
life 

AGE OF 
MAN 



1 

Cascadian Revolution j 



Quater- 

nary 

Pleistocene 

Periodic glaciation 
Extinction of great 
mammals 




Pliocene 

Origin of Man 


5-3 

Tertiary 

Miocene 

Culmination of mam- 
mals 

AGE OF 
MAMMALS 
AND 

MODERN 

FLORAS 

S 

e 


Oligocene 

Rise of higher mam- 
mals 



Eocene 

Vanishing of archaic 
mammals 




Paleocene 

Rise of archaic mam- 
mals 




Laramide Revolution 





Extinction of great 
reptiles 


O ^ rH 

Late 

Mesozoic 

Cretaceous 

Extreme specializa- 
tion of reptiles 

AGE OF 

s 


1 

Rise of flowering 
plants 

REPTILES 


Early 

Mesozoic 

Jurassic 

Rise of birds and fly- 
ing reptiles 



Triassic 

Rise of dinosaurs 
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GEOLOGIC CHRONOLOGY FOR NORTH AMERICA (Continued) 


ICraa 

Major 
Divisions j 

Periods j 

Advances in Life 

Dominant 

Life 



Appalachian Revolution 

AGE OP 
AMPHIB- 
IANS 

AND 

LYCOPODS 

PALEOZOIC 

(Ancient Life) 

30% 

Late 

Paleozoic 

OR 

Carbon- 

iferous 

Permian 

Extinction of ancient life 

Rise of land vertebrates 
Rise of modern insects 
and ammonites 
Periodic glaciation 

Carboniferous 

Pennsylvanian 

Rise of primitive reptiles 
and insects 

Mississippian 

Rise of ancient sharks 
Rise of echinoderms 

Middle 

Paleozoic 

1 

Devonian 

Rise of amphibians 

First known land floras 

AGE OF 
FISHES 

Early 

Paleozoic 

i 

Silurian 

Rise of lung-fishes and 
scorpions 

Ordovician 

Rise of land plants and 
corals 

Rise of armored fishes 
Rise of nautilids 

AGE OP 
HIGHER 
(SHELLED) 
INVERTE- 
BRATES 

Cambrian 

Rise of shelled animals 
Dominance of trilobites 
First known marine 
faunas 



Grand Canyon Revolution 


PEOTEROZOIC 

AND 

ARCHEOZOIC 

55% 

1 

Evidences of life very scanty. 

Protozoa. Protophyta. 
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called eras, the names of which indicate the degree evolutionary 
advancement of life; thus, beginning with the most ancient, 
Archeozoic (primal life), Proterozoic (primitive life). Paleozoic 
(ancient life), Mesozoic (medieval life), Cenozoic (modern life), 
and Psychozoic (mental life). 

Periods. — The eras in their turn are divided into periods, the 
names of which are in large measure geographic ; that is, they were 
taken from the locality where the rocks pertaining to the period 
were first described, or they may be of historic significance in the 
development of the science. Thus, the names Cambrian, Ordo- 
vician, Silurian, and Devonian take their origin from the ancient 
inhabitants of England or Wales, or from the districts where the 
rocks are best developed; Triassic refers to the tripartite division 
of the rocks of that period in Germany; Jurassic to the Jura Moun- 
tains in Switzerland, in which the strata are admirably displayed; 
while Cretaceous, a relic of the old days of mineral geology, is 
from the extensive chalk deposits pertaining to the formation in 
Western Europe. 

Epochs. — Subdivisions of periods have been called epochs. The 
epoch terms of the Cenozoic and Psychozoic eras are Eocene (dawn 
of the new), Oligocene (few of the new), Miocene (a minority of the 
new). Pliocene (a majority of the new), and Pleistocene (most 
of the new). Popular names, such as ^‘Age of Man^^ for the Psy- 
chozoic era or ^^Age of Mammals’^ for the Cenozoic, are also in 
general use. 

Reduced to its last analysis, the limits of all these eras, periods, 
and so on are due to certain more or less profound changes, climatic 
and otherwise, which have as one basic cause the warping of the 
earth's crust due perhaps to shrinkage of the earth^s mass, giving 
rise not only to land elevation and often extensive mountain mak- 
ing, but to the alteration of the strand-line or line of demarcation 
between land and sea. This implies of course inroads of the sea 
upon the land, with the severance of old migratory routes and the 
restriction of terrestrial habitats, or the withdrawal of the waters 
and the formation of new land-bridges or the resurrection of those 
which formerly existed but which have been temporarily de- 
stroyed. It will be readily seen how profound an influence upon 
the evolution of life such movements may have — and there were 
many of them — especially when we bear in mind the attendant 
climatic changes, some of which were of a very marked character 
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(see Epilogue). For changes of climate react directly upon plant 
life and hence both directly and indirectly upon that of animals, 
while restriction or aniplification of habitat and the severance or 
formation of land-bridges provide the essential isolation, or hy 
the introduction of new forms increase competition, both of which 
stimulate evolutionary progress. Hence it is that evolution is 
not a uniform process, but where profound geologic changes are 
recorded, the tide of life flows more swiftly, and on the other hand, 
during the long periods of comparative quiet, evolution is slowed 
down to an almost imperceptible rate of change. The times of 
rapid progress Cope called expression points^’ in evolution, and 
the rhythm is more or less synchronous with the physical changes 
which time has wrought in the earth itself. 

Geologic Time Scale. — A convenient time scale has been worked 
out, knowledge of which is fully as important to a student of 
evolution as is a general idea of the geographic or bathymetric 
divisions of the earth’s surface. It follows in general the geologic 
time-tables of Schuchert and Barrell. (See pp. 68 and 69.) 

Age of the Earth. — An estimate of the earth’s age in terms of 
years has been for a long time a subject of discussion, but the 
lesults vary astonishingly, as the following statement compiled 
from Schuchert will show. 

The data are from two sources. Geology and Physics. The former 
science utilizes two chief methods; the rate of sedimentation and 
denudation and that of the accumulation of salt in the oceans de- 
rived from the weathering of igneous rocks and brought to the sea 
by rivers. 

The known sedimentary rocks, if taken together, form a mass 
at least 70 miles thick, and this represents the algebraic sum of 
what was deposited and what has been irrevocably lost through 
denudation, so that the actual amount deposited must greatly 
have exceeded this total. What remains, however, represents 
‘Hhe wearing away to sea level, one after another, of more than 
20 ranges of mountains like the present European Alps or the 
American Rockies.” In addition there were long periods when the 
lands were so near base level that both erosion and the accumula- 
tion of sediments practically ceased. Upon such data as these, 
the rate of denudation and accumulation being estimated from 
modern evidences, figures are arrived at which are appallingly 
great. Thus Barrell gives minimum and maximum time values. 
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as follows, the figures representing millions of years: Cenozoic 55 
and 65, Mesozoic 135 and 180, Paleozoic 360 and 460, and the sum 
from the beginning of the Paleozoic 550 to 700. The saline records 
are materially less; the leading geologists, however, accept es- 
timates of from 250,000,000 to 300,000,000 based upon the above 
data, with perhaps 500,000,000 since the beginning of the Archeo- 
zoic. 

The calculations of the physicists were likewise from two 
sources, the radiation of heat from the earth, based upon the 
assumption that it was once a molten mass and has cooled to its 
present condition, an idea which is not now generally accepted, 
and the time necessary for the reduction of certain radioactive 
substances, such as uranium and thorium, to stable lead. The 
radioactive calculation gives figures varying from 130 millions to 
one and one-half billions of years! 

Estimates of geologic time are thus summarized by Schuchert 
and Dunbar: ^4t appears probable that the beginning of the Ceno- 
zoic was about 60,000,000 years ago, of the Mesozoic about 
200,000,000 years, and of the Paleozoic about 500,000,000 years. 
Since the oldest dated rocks are intrusive into still older schists, 
it is probable that the earth is at least 2,000,000,000 years old.’^ 

Records of Life. — The records of past life are the fossils en- 
tombed in the rocks. These are the actual relics of animals and 
plants which lived in past geologic ages, and their nature and the 
methods of their preservation and their interpretation will be 
discussed more fully in Chapter XXV. They are found only in 
sedimentary as opposed to igneous or volcanic rocks, that is, in 
limestone, sandstone, or shales. Of these the majority were 
formerly w^ater-borne aqueous sediments, such as sands or muds, 
while those composed of fine sand or dust carried by the winds 
(seolian) are comparatively rare. Of the aqueous rocks the marine, 
especially those formed in relatively shallow waters bordering 
upon the continents, are the most extensive, hence the record of 
marine life is far more complete than that of any other realm. 
Fresh-water deposits make up for their rarity by their importance, 
for they contain practically all of the relics of terrestrial life. This 
last record is very much broken, due either to a lack of deposition 
or to subsequent erosion. 

Climatic Variations. — At the present day, the earth presents a 
variety of climatic conditions, ranging from the equatorial belt or 
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torrid zone where heat predominates, through the temperate zone 
where the climate is milder but where extremes both of heat and 
cold sometimes prevail, to the polar regions where intense cold is 
the rule. Not long ago, however, geologically speaking, the tem- 
perature throughout the world was much colder than now, though 
there were long intervals during the Glacial Period of almost uni- 
formly mild conditions. The warm climates persisted during long 
geological ages, and even though there were zonal belts and fluctua- 
tions in the temperature, the polar areas contained warm-climate 
animals and plants. The temperature fluctuations were greatest 
toward the beginning and end of periods and there is also evidence 
of increasing aridity at such times. 

Between the long warm times are short cool to cold periods. 
Seven periods of such temperature reduction are now known — 
earliest and latest Late Proterozoic, Silurian, Permian, Triassic, 
Cretaceous-Eocene, and Pleistocene. Four of these were glacial in 
nature. Curiously, these reduced temperatures were not geo- 
graphically constant in their appearance, those of the earliest Late 
Proterozoic and the Pleistocene affecting the northern hemisphere, 
whereas in latest Proterozoic and Permian times the cooled area 
lay rather in equatorial regions. These cooled climates seem to 
appear as a rule toward the close of periods or eras, when the 
lands are greatest in extent and highest above sea level; and the 
glacial ones apparently accompany or directly follow the revolu- 
tions, when the earth^s surface is being pushed up into mountains. 
(Schuchert.) 

Summary of Geologic History 

As human history is divided into ancient, medieval, and modem 
periods, so geologic history is comparably divisible into eras, the 
Paleozoic, Mesozoic, and Cenozoic. Human existence, however, 
far antedates written history, there having been what historians 
are wont to call the legendary period, now pretty generally known 
as the prehistoric. In a like manner there stretches back from the 
beginning of the fossil records of the Paleozoic a time inconceivably 
vast, during which life must have existed upon earth, but the 
evidence for its existence is either meager or argumentative, 
reasoned from the perfection which it had attained when legible 
fossil remains first appear, and which implies a long antecedent 
evolution; or based upon the large deposits of limestones, graphites, 
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and iron-ores which, so far as our knowledge goes, are mainly of 
organic origin. 

Pre-Cambrian 

Archeozoic and Proterozoic. — The great legendary eras are the 
Archeozoic and Proterozoic, the former of which is called the Age 
of Unicellular Life, for undoubted fossils of this time are as yet 
almost utterly unknown and it has been inferred that the dominant 
forms of plant and animal life were all unicellular forms, Proto- 
phyta and Protozoa, of very lowly organization. 

In the Proterozoic, while known marine fossils are extremely 
rare and imperfect and almost indecipherable, they nevertheless 
indicate a very material evolutionary advance. The evidence is 
positive for the existence of marine algae among plants, some radio- 
larians, sponges, and tubes and burrows made by annelid worms. 
But because of their position in the scale of animal life, the tubes 
and burrows imply Annelida and these in turn the more lowly 
organized sponges, coelenterates, and other worms. This Protero- 
zoic era, especially its latter half, may therefore be called the Age 
of Primitive Marine Invertebrates. 

Paleozoic 

Cambrian. — By Lower Cambrian time all the main inverte- 
brate phyla had been evolved and possibly the vertebrates, as the 
fishes were well established by the Middle Ordovician. The degree 
of perfection of the invertebrates at the beginning of Paleozoic 
time shows that more fundamental evolution had taken place up 
to this time than subsequently. The main evolutionary structure 
of all invertebrate types having been established, their future 
changes are mainly concerned with detail and with the rise of cer- 
tain important groups, such as the insects. 

Ordovician. — The Ordovician saw the rise of the progressive 
cephalopods and the first recorded fishes, with whose development 
the trilobites, the highest and most aggressive form of Cambrian 
life, began to wane, ultimately to pass out of existence with the 
close of the Paleozoic. The active and carnivorous cephalopods 
became more and more important during the Ordovician and Silu- 
rian, to be gradually displaced by the fishes; the cephalopods per- 
sisted, however, in considerable numbers until the close of the 
Mesozoic, when they were reduced to the comparatively unim- 
portant place which they now hold. By far the vast majority of 
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Paleozoic invertebrates were sedentary benthonic forms, feeding 
upon microorganisms or organic debris, though some were vagrant, 
living upon the benthonic sea-weeds, and others, like the starfishes, 
were carnivorous. The Ordovician rocks give us the first meager 
evidence of land plants, for while none are known prior to that 
period, the woody kinds appear before its close. To the Ordovician 
period, therefore, we owe the origin of two most important groups 
of organisms, the woody plants and the fishes among the verte- 
brates. 

Silurian and Devonian. — The Silurian and Devonian periods 
collectively constitute the Middle Paleozoic, in contrast to the 
Early Paleozoic] of which we have been speaking. They also usher 
in two events of prime importance to the animate world, the de- 
velopment of air-breathing forms on the part of both invertebrates 
(Silurian) and vertebrates (Devonian). In rocks of Silurian age 
we have recorded the first scorpion as well as fishes whose organiza- 
tion is in many respects similar to that of the double-breathing 
lung-fishes of to-day. Out of this ancient lineage, although we 
have not yet recognized their undoubted ancestors, were to come 
the Amphibia, which in turn gave rise to all the later terrestrial 
vertebrates. From the Devonian rocks we have not only the 
earliest footprint of an amphibian (Thinopus antiquuSj Fig. 135) 
but also the actual skeletons. The latter have been found in 
Greenland in 1938. Fishes developed so wonderfully that the 
name Age of Fishes has often been applied to the Devonian 
period. 

Terrestrially the late Silurian and early Devonian were charac- 
terized by increasing aridity of climate, which seems to have been 
the impelling cause in the evolution of air-breathing vertebrates 
through the drying up of the streams and lakes wherein their fore- 
bears among the fishes made their homes (see Chapter XXIX). 
The Devonian was also the time of the establishment of the first 
land flora. 

Mississippian, Pennsylvanian, Permian. — The Carboniferous, 
which is now divided into the Mississippian and Pennsylvanian 
periods, together with the Permian, constitutes the Late Paleozoic, 
a time characterized in its earlier part by a mild, moist climate 
which, however, grew more and more severe toward the close and 
culminated in the middle Permian ice age. The Carboniferous was 
therefore the great age of coal plants, the vegetation reaching its 
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maximum development in variety and in the size of the individual 
plants during the Pennsylvanian period. Our knowledge of the 
plants of the time, however, is restricted to those of the low-lying 
swamps and we know nothing whatever of the upland flora. The 
coal plants were principally spore-bearing, of rapid growth, and 
soft, spongy woods. Seed-bearing trees and shrubs of many kinds 
were also present but their flowers were small and inconspicuous. 
Owing to their great carrying power the spores were very widely 
disseminated, giving the forests a very uniform character the world 
over. 

During the Mississippian, sharks were the dominant fishes in 
the seas and oceans. They were of many kinds but consisted prin- 
cipally of the more ancient shell-feeding types which were subse- 
quently almost wholly blotted out. The Pennsylvanian with its 
widespread coal swamps formed an admirable habitat for the de- 
velopment of land animals, spiders, scorpions, centipedes, ancient 
insects, and snails among the invertebrates, and amphibians among 
the vertebrates. Probably before the close of this period true rep- 
tiles, such as had abandoned the ancestral gill-breathing even in 
the adolescent condition, appeared. Of this there is direct evi- 
dence, and in addition the deployment of reptiles in the Permian 
implies their existence during the preceding period. 

In Permian time the flora underwent a change; harsher condi- 
tions, following the warm moist climate of the Pennsylvanian, 
either destroyed the old cosmopolitan plant life or impelled its 
evolution into hardier sorts of vegetation. A new flora then arose, 
especially in the southern hemisphere where the change began, 
because the ice age was here most dominant in middle Permian 
time and spread thence throughout the world. ;This flora, consist- 
ing mainly of modern ferns, conifers, ginkgoes, and cycads, became 
the dominant vegetation throughout the Mesozoic until supplanted 
by the modern flora in Cretaceous time.^Due to the stress of cli- 
mate the insects developed those wonderful larval adaptations, 
seen in the metamorphosis of living insects, that enable them to 
live through the winter in the resting or pupal condition (see Chap- 
ter XXVII). 

The passing of the Paleozoic, which was marked by the culmina- 
tion of the Appalachian Revolution, also saw the extinction of 
many forms of ancient life, especially among plants and inverte- 
brates. Of the latter, those which survived have altered little in 
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the ages which have since elapsed, while the vertebrates, especially 
the reptiles, birds, and mammals, have undergone practically their 
entire evolution. 

Mesozoic 

Triassic and Jurassic. — The Mesozoic era or Age of Reptiles is 
justly so called, for although all five classes of vertebrates (fishes, 
amphibians, reptiles, birds, mammals) were probably present 
throughout its entire length, the reptiles were the dominant forms 
of life. During the Triassic there were many kinds, some partially 
or wholly aquatic, others terrestrial. The Jurassic saw great num- 
bers of reptiles inhabiting the land, the air, and the sea, and 
toward its close an immensity of size on the part of some of them 
which has never been equalled before or since among either ter- 
restrial or semi-aquatic forms. The Jurassic also records the first 
flying reptiles and reptile-like birds, although the degree of their 
development again implies their existence during the Trias. 

Cretaceous. — The Lower Cretaceous witnessed the rise of 
flowering plants and the extinction of the reptiles of huge bulk, 
such mighty forms being as a race usually short-lived, geologically 
speaking. The Upper Cretaceous saw the modernizing of the flora 
so that the forest plants would now wear a familiar aspect, although 
in unfamiliar combinations. The land reptiles soon reached the 
height of their specialization and while not as huge as those which 
had gone before, exceeded them in grotesqueness and bizarre ap- 
pearance. Toward the close of the Cretaceous more conservative 
forms again prevailed. Mammals were numerous though still 
small and unspecialized, while the birds were essentially modern 
except that in all known examples they still retained the teeth 
characteristic of their reptilian ancestors. 

With the close of the Mesozoic, which was marked again by 
great crustal changes, the so-called Laramide Revolution, came the 
extinction of the dominant reptilian types on land and sea, thus 
preparing the way for the evolution of the warm-blooded mammals, 
which were to be the ruling dynasty of the Cenozoic as the rep- 
tiles had been the overlords of creation during Mesozoic times. 

Cenozoic 

During the Cenozoic era or the Age of Mammals, the vegetation 
was of modern cast and life conditions in the main were similar 
to those of to-day, although there is much evidence of a gradual 
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elevation of nearly all lands, with a consequent increase in aridity 
and diminution of moisture-loving vegetation. This meant the 
great spread of grasses and a necessary adaptation to grazing 
habits on the part of such mammals as could do so, and the weed- 
ing out or extinction of such as could not. The widespread mead- 
ows also gave insect and bird life a more diversified habitat and 
therefore an evolutionary impetus. 

Paleocene. — The formations lying between the undoubted Cre- 
taceous and Eocene, whose true age has been debated, are called 
Paleocene. These include in the Great Plains region of the United 
States the formations known as the Fort Union, Puerco, and Tor- 
rejon, altogether some 1,000 to 2,000 feet of strata. The dinosaurs 
were apparently extinct and had been replaced by the archaic 
mammals (see below). 

Eocene. — The Eocene period immediately followed the extinc- 
tion of the great reptiles. Then nature began afresh to people the 
world with terrestrial animals, this time of the warm-blooded 
furry mammalian stock which had so long been held in check, for 
though they had existed during the Age of Reptiles their evolu- 
tionary progress was seemingly at a standstill. The first deploy- 
ment of mammals gave rise to creatures which sei’ved fairly well 
but were limited in their potential mentality, among other de- 
fects, and from Eocene times an increasing value has been placed 
upon mental progress in the struggle for existence. These archaic 
mammals j as they have been called, underwent a brisf career and 
were gradually replaced by the modernized forms whose brain 
power was capable of vastly greater development. By the close 
of the Eocene, the replacement was practically complete and but 
few survivors of the ancient mammals are extant. 

Oligocene, Miocene, Pliocene. — During the Oligocene came the 
increasing aridity of climate which culminated in the Miocene, and 
with it the gradual elimination of browsing and the development 
of grazing types. The Miocene was the time of mammalian cul- 
mination, of both numbers and kinds. The Pliocene, with its 
increasingly hard conditions, prophetic of the glacial age, the for- 
mation of new land-bridges and the severance of others, was a 
period of great unrest. Many migrations occurred the world over, 
new competitions arose, and the weaker stocks began to show the 
effects of the strenuous life. One momentous event seems to have 
occurred in the Pliocene, and that was the transformation of the 
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precursor of humanity into man — the culmination of the highest 
line of evolution! 

Pleistocene. — The Pleistocene was the final period of the Ceno- 
zoic, when, owing to continued elevation of the great continents, 
the Age of Ice was ushered in. with its long periods of devastating 
cold, separated by warmer interglacial times when conditions were 
less severe and the great ice sheets retreated into their northern 
fastnesses. The Pleistocene was a time of wholesale extinctions, 
when many races of animals were blotted out, but mankind, be- 
cause of his superior mental attributes, was able to survive and 
rapidly took his place as the dominant form of life. 

Psychozoic 

With the final retreat of the ice, the Psychozoic era or Age of 
Man began, with the greater perfection of man^s mentality and the 
assertion of his dominion over the fish of the sea, and over the 
fowl of the air, and over the cattle, and over all the earth, and 
over every creeping thing that creepeth upon the earth,’ ^ and the 
rise of world civilizations until their purging in the holocaust of 
the world’s greatest war! 
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PART II 

THE MECHANISM OF EVOLUTION 




CHAPTER VI 


VARIATION AND MUTATION 

All scientists and most other informed men are now convinced 
of the truth of evolution, both inorganic and organic: that out of 
simple beginnings, when in the course of ages the earth was fit for 
organic habitation, life began, and by a continual unfolding process 
there have come not only all of the marvellously adapted forms of 
animal and plant life which we see to-day, but those which Paleon- 
tology reveals to us and such as we know existed but of which no 
discoverable relics remain. 

For our purpose, then, the fact of evolution is taken ah initiOy 
without argument, together with the assumption that all organisms 
which do exist or have existed are blood-related, though the degree 
of relationship varies from the nearest to one inconceivably re- 
mote. But while the fact of evolution may be accepted as true, the 
ways and means whereby it has been brought about are not so 
evident and have given rise to endless argument and discussion. 
These are the factors of evolution; what they are, by whom advo- 
cated, the arguments offered for their acceptance, and their 
plausibility arc the chief subjects of our present study. 

Summary of Factors 

To summarize the various factors which have been proposed, 
the list is briefly presented here; the arguments will be given later. 

Variation is the first and most fundamental evolutionary factor, 
in fact, the causes of variation are among the prime causes of evolu- 
tion itself. Variation, the fact that no two organisms or parts of 
organisms are precisely alike, no matter how closely related, is a 
commonly observed phenomenon, and admits of no argument 
whatsoever, as it is an established truth which any one, within 
the limits of his opportunities, may demonstrate for himself. It 
is the progressive factor in evolution, for without variation no 
change could occur and evolution would be impossible. 

Heredity. — The second fundamental factor is heredity, the 
conservative factor in evolution, that which, when variation has 
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given rise to a new character, causes it to persist. Evolution is the 
change produced in a race of organisms; the mere variation of the 
individual^ no matter how profound or how beneficial it may be, is 
not evolutional until it can be handed on to the offspring, and this 
is the function of heredity. Heredity, therefore, is as essential a 
basic factor as variation itself, and is just as fully established a 
fact; but, like variation, there are points concerning it, especially 
as to the means whereby a variation becomes heritable, which are 
still among the unsolved problems of our science. 

Segregation. — Another essential basic factor is isolation or segre- 
gation, the physical or biotic barrier which prohibits promiscuous 
interbreeding. Forms with similar variational tendencies should 
interbreed to perpetuate them, and dissimilar forms should not, 
otherwise the new variations would be swamped and unless they 
were of dominant character would straightway disappear. Isola- 
tion, while not 6f such fundamental importance as variation or 
heredity, nevertheless stands forth as an extremely necessary 
adjunct to the evolutionary process. 

The first means whereby segregation is accomplished is physicaly 
as in the instance discussed under geographic distribution — the 
Galapagos tortoises (page 42) — or the land snails of Tahiti and 
Hawaii. A second form of isolation is hioticy either physiologic, 
where, due to actual structural differences, mating is either a 
physical impossibility or the genninal elements fail to combine, 
or if they do the resultant offspring either does not develop or is 
in itself sterile and cannot procreate; or the impediment may be a 
psychologic one. This seems to be largely a matter of instinct and 
is of undoubted importance in nature, as it is with humanity. It 
may be largely responsible for the purity of such races as the 
Hebrews, although even under the best of conditions it is not 
universally effective. 

These fundamental factors are admitted by all, but there are 
other causal factors advocated originally by Charles Darwin which 
may or may not be true, as all students of evolution do not accept 
them. They are as follows. 

Natural selection is the great Darwinian factor, and is to-day 
held by certain writers, notably those of the so-called Neo-Dar- 
winian school, of which the German savant August Weismann was 
the leader, to be almost the only factor to be considered. Natural 
selection determines what variational lines shall persist and what 
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shall be eliminated, and, according to the Neo-Darwinian school, 
acts upon small uncontrolled variations, occurring in any con- 
ceivable direction of change. Nature either weeds out those forms 
in a race whose variations are out of harmony with environmental 
needs, allowing the others to survive and hand down their adaptive 
changes to offspring, or it selects the fitter to survive, or it may 
use a combination of the two. 

Saltation. — Not all authorities, however, accept natural selec- 
tion as an important factor, for the School of Saltationists, headed 
by the celebrated Dutch botanist, Hugo de Vries, believe that new 
species arise by sudden marked changes appearing in the offspring 
of normal parents. These large changes or variations were called 
mutations (Lat. mutarey to change) (De Vries) or saltations (Lat. 
saltare, to leap). Saltationists believe that natural selection there- 
fore has nothing to do with species-forming, but only in a general 
way with descent control, that is, keeping the successive genera- 
tions of a species true to type when once it has been formed. 

Still a third, the Compromise School, believes that natural selec- 
tion is important both in species-forming and descent control, but 
is not the ^^AllmachU^ which the Neo-Darwinians would have us 
believe. They recognize the existence of various other factors 
working simultaneously with selection to effect the evolutionary 
change. 

Sexual Selection. — Still another Darwinian factor is sexual 
selection, the means whereby Darwin sought to explain the exist- 
ence of what are known as the secondary sexual characteristics 
among animals. As we shall see, this is the most doubtful factor 
of all of those advocated by Darwin and has little acceptance to- 
day (see page 139). 

Variation 

The basic prerequisite to evolution is undoubtedly variation, 
which together with heredity may be regarded as an undeniable 
fact. Therefore, as has been said, the cause of variation must be 
a contributory cause of evolution itself. But not all variations 
are alike, and only certain ones, apparently, are heritable, hence 
it is necessary to understand quite clearly what sorts of variations 
exist, since those that can not be inherited can have no part in the 
evolution of a species, as they concern only the individual and not 
the race. 
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Sorts of Variations 

Variations may be grouped into three pairs of contrasting sorts — 
germinal or acquired, continuous or discontinuous, determinate 
or indeterminate — six in all. A given variation belongs in each of 
the three groups but must be either one or the other of the con- 
trasting sorts within the group, as they are mutually exclusive. 
The first group is based upon the nature or cause of occurrence. 
It includes: 

(1) Germinal variations are intrinsic, — such as arise in the 
germ-plasm itself due either to recombinations, which owe their 
origin to new groupings of the germinal factors or genes; or 
to mutations wiiich result from relatively radical alterations in the 
gene complex. Changes due either to recombinations or to muta- 
tions are of course manifest only in the animal or plant body, the 
soma, and do not depend on external conditions for their origin. 
Such conditions may impede or arrest their development but 
cannot cause them. Often these mutations cannot appear until 
later in life, as, for example variations in adult size and propor- 
tions. They may appear at any period from the beginning of 
embryonic life to the death of the organism. 

(2) Acquired or somatic variations or modifications, which are 
imposed upon the organism during its lifetime and are due to 
extrinsic influence. Under which of these two heads a variation 
should fall is often almost impossible to decide except by experi- 
mental work, and sometimes not then, but the difference is of 
fundamental importance, for germinal variations only can be 
inherited by the offspring. 

Examples of germinal variation are the occasional occurrence 
of supernumerary digits in man, the domestic cat, the horse, and 
other forms, for they can not be due to accident or to any external 
influence and are occasionally inherited through several genera- 
tions. On the other hand, the loss of a digit in man through too 
close proximity to a circular saw would certainly be an acquired 
characteristic and long series of experiments have proved conclu- 
sively that such variations are without the pale of heredity. 

Another example which occurs nqrmally in nature would be the 
hive bees {Apis melUfica), in which the sex distinction between the 
workers and queens is an acquired variation, while that between 
drone and queen or worker is genninal. The queen is impregnated 
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but once, the male elements being stored* in the seminal receptacle, 
and used one at a time for the subsequent fertilization of the eggs. 
The workers build two sizes of cells in the brood combs, in the 
larger of which the queen lays an unimpregnated egg, while that 
laid in the smaller cell is fertilized at the time of laying. From the 
unfertilized egg there arises, invariably, a drone or male bee, while 
the fertilized egg produces a potential female. Hence the difference 
between male and female bee, depending as it does upon impregna- 
tion or not, is germinal. The ultimate fate of the impregnated 
egg is subject to the control of the workers, for while the vast 
majority of the eggs remain within the small worker-cells and, 
being fed upon a meager and comparatively innutritions diet, 
develop into workers— the so-called neuters, which are in reality 
undeveloped females— a select few have their cells enlarged at 
the expense of the surrounding ones and are fed upon highly 
nutritious ‘‘royal pabulum^’ and ultimately develop into mature 
females or queens. It is said that even after three days of larval 
life, the humble worker, like the beggar maid of King Cophetua, 
may become a queen. Thus this variation, being imposed upon 
the animal during life, is an acquired one. 

Indeterminate and Determinate. — Variations may be further 
classified according to direction of occurrence, as (3) indeterminate, 
those fortuitous variations which are not subject to any law but 
occur in any conceivable direction of change; or (4) determinate, 
controlled by some unknown influence and confined to certain 
definite lines or directions of change, usually in an adaptive direc- 
tion. Of the first of these two contrasting types there is no doubt, 
and they are the variations upon which the Darwinian factor of 
natural selection is supposed to operate. Illustrations are legion, 
as the comparison of any group of related organisms will show a 
variation of size which embraces ’every dimension of space and 
combination thereof. 

Of determinate variations we are not so sure; some claim that 
they have no real existence, that there is no such tendency to vary 
always in a given direction in successive generations, while others 
consider these variations, which they call orthogenetic (Gr. 6pWs, 
straight, and yivea-iSj generation), the important ones in evolution. 

What is apparently an example of determinate variations is that 
given by Kellogg, who described in 1906 the gradual but obvious 
change from one dominant type of color-pattern to another in the 
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leaf-eating beetle Diabrotica soror. It is apparently proved that 
such change is not explicable on a basis of intra-specific selection, 
nor can it be interpreted as a direct ontogenetic (pertaining to 
the individual) reaction in each succeeding generation to changing 
climatic conditions. It is believed to be an example of definitive 
orthogenetic variation. 

Many paleontologists think they see repeated instances of 
orthogenetic variation, since they are, as a rule, so deeply im- 
pressed by the adaptive nature of the evolutionaiy process and 

the definitiveness of its direction, that 
they cannot believe the restraining or 
selective action of the environment is 
enough to keep the breed true; for ex- 
ample, the sure way in which the 
cusps of the teeth in ungulate animals 
appear in the course of time, so that 
one can predict the ultimate tooth 
pattern at the end of an evolutionary 
series with fair assurance. The rhino- 
ceroses, on the one hand, and the 
totally unrelated coney, Hyrax, on 
the other, have teeth so similar that 
Roosevelt calls attention to the fact 
in hm African Game Trails (see Fig. 9). 

Fiq. 9, — Teeth of (A) rhi- This is an instance of convergence^ 

noceros {Caenopus sp.); and which is often the result of what is ap- 

(B) coney {Hyrax ^ntly orthogenetic variation. The 

much enlarged. (After bcott, ^ 

and Osborn.) overgrown antlers of the Irish deer or 

the tusks of the Jefferson mammoth 
(see Chapters XII and XXXV) which in each instance seem to 
be so far beyond the point to which natural selection would 
carry them, may be considered as further instances of this form of 
variation. 

Continuous and Discontinuous. — Variations may also be classed 
according to difference of degree, as (5) continuous, that is, small, 
abundant, and occurring in graded series. These, if also fortuitous, 
are the so-called Darwinian variations or fluctuations, to be acted 
upon by natural selection. They are generally quantitative rather 
than numerical variations, and the increment of change between 
successive generations is extremely slight- 
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In contrast to the continuous are the (6) discontinuous varia- 
tions, which are mostly large and rare. They are also known as 
sports or saltations (see page 90), although the distinction between 
them and the continuous is only one of degree, as the two sorts 
merge into each other. 

The great mass of variations come under the head of continuous, 
the discontinuous ones being relatively rare, although many such 
have been recorded, as for example the numerous instances of 
variation from the standard number of digits in vertebrates. In 
mankind, six, seven, or even eight fingers to the hand have been 
observed (see Fig. 10), while the doubling of the foot has brought 
the number of toes as high as nine on a side. Cattle and horses 
sometimes show multiple 
digits and, on the other 
hand, pigs with the two 
median toes united into 
one perfectly formed digit, 
the so-called, solid-hoofed 
pigs, occasionally occur. 

Sheep sometimes show 
four horns instead of two, 
but the peculiarity is that 
instead of having one pair 
behind the other as in the normal four-horned antelope {Tetrace- 
rus quadricornis) the horns always stand in a single transverse 
series across the skull. One family of goats on an isolated farm 
near Bozen has four horns which have been inherited for many 
generations (Bateson). 

All of these are instances of meristic (Gr. ixipos, part) or number 
variations and are likely to occur wherever any structure is re- 
peated in numerical series: in the number of segments of worms 
and arthropods, or in the vertebral column, ribs, and muscles, and 
in the number of appendages. Radially symmetrical forms such as 
sea-anemones and starfish also exhibit meristic variation and it 
frequently occurs among plants, especially in the flowers or leaves, 
as in the four-leaf clover. 

Other instances of discontinuous variations are not of this 
numerical sort but are mutations of color, form, and size. Such, 
for example, are the famous new saltations of Lamarck^s evening 
primrose {(Enothera lamarckiana), which breed true and gave rise 



Fig. 10. — Eight-fingered hand, Homo sapiens, 
female. (After Murray, from Bateson.) 
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to De Vrieses theory of the origin of new species by brusque 
saltations. Some of these vary from the original in size, one is 
a smooth-leafed form with a more beautiful foliage, and so on. 
Another example is that of the short-legged ram which suddenly 
appeared in Massachusetts in the year 1791. This ram proved to 
be a potent sire, capable of handing on his peculiarity to his prog- 
eny, and thus was the founder of a breed of so-called Ancon sheep 
whose principal virtue was their inability to jump fences due to the 
brevity of their limbs; with the introduction of the more desirable 
merinos, breeders allowed the Ancon sheep to disappear. 

Causes of Variations 

The causes of acquired variations are apparent, for every modi- 
fication which the organism undergoes in its lifetime in response 
to any external condition whatsoever comes under this head. The 
influence of abundance or scarcity of food in giving the animal a 
greater stature or one less great than that of its brethren, the in- 
fluence of heat, cold, omnipresent enemies, or even the absence 
of exacting conditions: all these make themselves felt upon the in- 
dividual in greater or less degree, but, as has been emphasized, 
this individual adaptation, however interesting it may be, is not 
evolution. Therefore in our inquiry into the subordinate factors 
of evolution, it is not the cause of acquired^ but of germinal varia- 
tions with which we are concerned. 

Causes of Germinal Variations. — As these variations are highly 
important raw material of evolution, it is at once apparent that 
the cause or causes which produce them are of fundamental impor- 
tance as prime movers of the whole process. Our ignorance of 
these causes is profound, nevertheless the following ideas con- 
cerning them are worthy of record. 

First, the inherent tendency to vary. This does not, however, 
state a cause but merely a fact and really begs the question. The 
reverse of the statement — the almost absolute impossibility of two 
organisms being alike — is perhaps the better way to express it. 
When one thinks of the marvellous complexity of protoplasm, 
consisting as it may of sixteen or more elements with the atoms 
numbering thousands, held in an atomic structure so complex that 
the chemist cannot express it graphically, as he can simpler com- 
pounds such as water, he sees how remote is the possibility of any 
two particles of protoplasm being precisely alike. Furthermore 
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the organism, no matter how simple, is made up of countless 
molecules, and these are in a continual state of chemical change 
due to energy traffic. How then can one possibly expect coinci- 
dence of detail in any two organisms, no matter how close their 
relationship? The amazing thing is not that they differ, but 
that they are so much alike! 

Second, dual or biparental parentage (amphimixis) has been 
given as a principal cause of variation. That which is actually 
handed on to the next generation is the germ-plasm (see Heredity, 
p. 95) derived in part from each parent. This in itself is a 
highly complex material, consisting of chromosomes which, in man 
for instance, number 48. During the process of maturation of the 
germ cells, ova and spermatozoa, the number is reduced to 24. 
These are combined in the process of fertilization so that the 
number of chromosomes in the initial cell of the embryo is once 
more 48. The process may be likened to two miniature packs of 
cards, each of which is elaborately shuffled, one-half the cards 
rejected, and the remaining halves combined into a new pack. This 
gives rise to an enormous number of possible re-combinations. 
If the packs contain 48 cards, instead of the normal 52, to corre- 
spond with the human chromosomes, the number of possible per- 
mutations will be 16,777,216, and for the average germ capacity 
during the sexual life of a pair of parents the total number of 
different combinations of fertilizable ova would be 300,000,000,- 
000,000 (Dorsey from Thomson). No wonder the children of a 
family differ! 

Third, actual observation shows that variation also occurs 
where there is but one parent, as in the Protozoa, where offspring 
are produced by the division of the mother cell into two daughter 
cells. Also in higher animals where the offspring come from a 
virgin mother without the intervention of the male (partheno- 
genevsis), as in many insects — bees, plant lice, and the like; but 
here again there is the same process of halving the pack with the 
maturation of the ovum, giving opportunity, although not math- 
ematically so great, for re-combinations in the offspring. In the 
protozoan Paramecium, Woodruff has observed a periodical re- 
organization of the nuclear apparatus (endomixis), which in some 
way seems to rejuvenate the race. Here again there may be an 
opportunity for new chromosome combinations to emerge. 

The second and third might account for germinal variations 
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which are the result of re-combinations of ancestral characters 
appearing in the offspring, but there are also the mutations, 
which are due to fundamental changes in the germinal constitution 
itself. To account for these our first statement might apply in 
part. 

Another idea is that, in spite of the insulation of germ-plasm 
from extrinsic influence, nevertheless some of the more deeply 
saturating results of the ever varying environment may act di- 
rectly on it and so bring about heritable change. This has been 
definitely shown by X-raying the germ-plasm, 
f A new line of research, which is yet far from complete, is the 
study of the endocrine or ductless glands, which are already known 
to have a profound influence upon individual development, both 
mental and physical, including that of the secondary sex char- 
acters. These glands do not form secretions in the sense that the 
salivary and other digestive glands do, but are connected only by 
the blood stream, into which are poured under proper stimulus the 
hormones or chemical messengers which they manufacture. These 
hormones are picked out of the blood stream by the appropriate 
organs and upon them exert a powerful influence. They pass 
through the reproductive glands as readily as elsewhere, and it is 
reasonable to suppose that certain of these hormones may react 
upon the germ cells as well as upon the body cells. This may prove 
to be a mechanism whereby external influence is exerted on the 
most intimate parts of the organism. 
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CHAPTER VII 


HEREDITY 

With heredity again, as with variation, we are dealing with a 
fact; the laws of heredity and whether or not certain characters 
are heritable, however, are subjects for debate. Heredity is 
defined by the Century Dictionary as the principle or fact of in- 
heritance, or the handing down of physical and mental characteris- 
tics from parent to offspring, regarded as the conservative factor 
in evolution, opposing the tendency to variation under conditions 
of environment. Heredity may also be defined as the rule of per- 
sistence among organisms, each organism being likely to resemble 
its parents; and as ^Hhe organic relation between successive genera- 
tions which secures persistence of characteristics and yet allows 
new ones to emerge (Thomson). 

By some writers heredity is considered the force which compels 
the resemblance; by others the process whereby the offspring comes 
to resemble its immediate ancestry. Of course, while partaking of 
the nature of each parent to a certain extent, the organism through 
them partakes also of the nature of its grandparents and so on 
back in ever diminishing degree. 

The problem of inheritance, especially the means by which it is 
brought about, is one of the most interesting in Biology. Formerly 
the fact of inheritance was considered self-sufficient; now inquiry 
into the mechanism of heredity has thrown much light upon the 
problem of evolution itself. 

Physical Basis of Heredity 

The mechanism of heredity has been investigated by a great 
number of workers, some of whose results follow. 

Encasement Theory. — One of the older, but now abandoned, 
ideas was set forth in the prefonnation or encasement theory, 
which supposed that the germs of all future generations were en- 
cased, one within the other like Chinese boxes, in the progenitor 
of the race and were successively developed into perfect individuals 
with each arising generation. Thus Mother Eve, taken as the 
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ancestress of all mankind, was estimated to contain no fewer than 
two hundred million homunculi, an assumption that spoke well 
for the imagination of the older writers. 

Darwin’s Pangenesis Theory. — Darwin realized that his doc- 
trine of natural selection lacked completion if he merely accepted 
the fact of heredity at its face value without trying to learn in 
what way mental or physical traits or new variations got into the 
egg or sperm and thus were borne on to the next generation. He 
therefore devised the theory of pangenesis (Gr. ttSs, all, and 
yipeaiSy generation), according to which every cell of every tissue 
and organ of the entire body produces minute particles called gem- 
mules, which in each instance partake of the nature of the cells 
producing them. These gemmules may circulate throughout the 
entire organism but finally congregate in the reproductive prod- 
ucts or in buds, so that each germ cell or each bud (asexual) 
capable of giving rise to a new individual would be in a sense a 
miniature replica of the parents’ body and would thus be capable 
of developing into the same kind of a body even in minute detail. 
Darwin thought that sometimes certain of the gemmules might 
lie dormant for several generations and then develop, bringing out 
in an individual its ancestral (atavistic) traits. If this theory of 
gemmules were true, it would lead to the acceptance of the teach- 
ing of Lamarck or even of Buffon, because under such circum- 
stances the inheritance of acquired characters gained by the parent 
during its lifetime would be entirely feasible, for such modification 
could be impressed upon the germ cell as readily as could the 
variations which we call germinal./ 

Later research, however, proved that such a theory has no basis 
in fact and biologists soon began to search for a substance which 
could be a physical basis for heredity just as the protoplasm which 
makes up the bulk of all organisms is the physical basis of life, and 
while several biologists were convinced that there was such a 
substance, it remained for August Weismann, for nearly fifty 
years professor in the University of Freiburg, to identify and dem- 
onstrate its existence. 

Weismann’s Germ-Plasm Theory. — Weismann’s germ-plasm 
theory was published in 1892 in a volume called Das Keimplasmay 
wherein he brought together the accumulated observations of the 
numerous contemporary students of cell biology and utilized them 
for the development of his somewhat speculative theories. This 
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volume Crampton calls ^^an immortal foundation for all later 
work on inheritance/^ The essential principles of the germ-plasm 
theory are as follows (see also Fig. 11). 

Weismann divided all the substance of an organism into two 
parts, the germ-plasrn and somatoplasm (Gr. crw/xa, body, and 
7rXd(T/xa, anything formed or 
moulded), the former, the proto- 
plasm of the germ cells, being 
the actual vehicle of heredity, 
while the latter, which consti- 
tutes the remainder of the plant 
or animal body, was not. In re- 
production a portion of germ- 
plasm is derived from each par- 
ent, the paternal sperm and 
maternal ovum, as the case may 
be, each of which has an equiva- 
lent share in the inheritance. 

These combine to form the fer- 
tilized egg. When the egg divides 
in the first or subsequent cleav- Ih — Diagram to illustrate the 

PHoh danffhtor opH iweive^ continuity of the germ-plasm. Each 
age a a g triangle represents an individual made 

an equal share of germ-plasm, up of germ-plasm (dotted) and somato- 

and this holds true for all cells Plasm (undotted). The beginning of 

1.1 . r ±u the life cycle of each individual is 

which go to form the adult body. the apex of the triangle 

None of the somatic cells, how- in which germ-plasm and somatopla sm 

ever, has any share in subse- both present. As the individual 

quent generations but only the component 

^ ® ^ , parts increases. In sexual reproduction 

germ cells which are derived the germ-plasms of two individuals 

directly from the original egg. It unite into a common stream, to which 

follows, therefore, that there is «« no contribu- 

^ ^ tion. Ihe continuity of the germ- 

a continuous stream of germ- plasm is shown by the heavy broken 

plasm from generation to gen- line into which run collateral contribu- 

emtion, to which the eomatic 

cells, which are sister products 

from the original egg, contribute nothing. Hence only those 
mutations which are germinal in their origin can possibly be 
handed down, and, as the hereditary stream of germ-plasm is 
already set apart before the adult body is in use, one cannot see 
how any modifications impressed upon the latter through use or 
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disuse, or extrinsic adaptations to the environment, can possibly 
become a part of the organism^s heritage. 

In certain of the Protozoa not only is the germ-plasm handed 
down, but the entire body of the organism may be divided between 
the offspring. Yet other Protozoa, which reproduce by budding, 
give up only a portion of their nucleus and cytoplasm to their 
children, and the same thing is true of all organisms which re- 
produce asexually. 

On the other hand there are plants and animals, the hot-house 
Bigonia and the earthworm for example, in which purely somatic 
cells have the power to regenerate a complete organism, including 
reproductive organs and germ-plasm. In the earthworm the repro- 
ductive organs reside in the anterior segments and yet, no matter 
where the worm is cut asunder, if enough of the tail remains, it 
will reproduce the entire organism, including the reproductive 
bodies, with all of its specific hereditary details.) This shows that 
“we must postulate at least a potential supply of the germ re- 
siding in the somatic tissue which can make good the definitive 
germ cells when they are lost. ... It is a fact that there is a 
continuity of germ-plasm, whether the germ cells are set aside early 
in individual development, or later by the transformation of rela- 
tively undifferentiated typical somatic cells: this is really the crux 
of the question^^ (Woodruff). True freedom from all outside in- 
fluence in these circumstances would be little short of marvellous, 
and yet that is what we are led to believe. 

Latent and Potent Qualities. — The sum of the inheritance of 
any organism contains many qualities not all of which are ex- 
ternally manifest in the individual. This is especially true of two 
contrasting qualities which are mutually exclusive; for instance, 
a child, one of whose parents is tall and the other short, may have 
an ultimate stature which is in a sense a compromise between the 
two, or on the other hand he may be tall and yet nevertheless have 
the power of transmitting to his offspring the short stature which 
he inherited along with his tallness, but which was latent within 
him. The qualities which are manifest are therefore potent or 
dominant, while the invisible ones are latent or recessive. The 
latter may be none the less real in heredity. A more remarkable 
instance is found in the drone bee once more, which, as we have 
seen, comes from an unfertilized egg and therefore has no father 
but only a mother. Nevertheless all his qualities of maleness, his 
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reproductive organs, size, and any other characteristics whatsoever 
which distinguish him from the female, including his inborn aver- 
sion to labor, are inherited through liis mother, the queen-bee. She 
therefore had these qualities present in every one of the germ cells 
which she inherited from her father; but those germ cells which are 
fertilized, in other words, those which have the male qualities 
latent and the female dominant, receive the stimulus which brings 
this about from the male. Therefore if the bee has no father, 
it exhibits fatherly qualities; if it has a father, it does not. 

Atavism. — This leads us to the problem of atavism (Lat. atavus, 
an ancestor, from avus, a grandfather) or reversion to ancestral 
type. Under atavism have been included what have been called 
three very different things but which seem to be largely differences 
of degree. They are: 

1. Family atavism. The transmission, within a family, of in- 
dividual characters in latent condition for several generations and 
their sudden reappearance; for example, red hair in a child, which 
the immediate parents or grandparents do not show, but which was 
in evidence several generations back. 

2. Race atavism. The more or less regular reappearance in a 
race of characters of another race, from which the first may have 
been derived. Such, for example, are the instances of the profuse 
development of hair on the face and body which occasionally 
occurs in man, as in the Russian ^^dog man, Adrian Jeftichjew 
(see Fig. 252). 

3. Atavism of teratology (Gr. repas, wonder, monster). The 
appearance in a race of abnormal characters which, however, are 
normal in other supposedly ancestral races. Exemplifying this 
are the external hind limbs of which a single recorded instance 
occurred in a humpback whale taken off Vancouver. The an- 
cestral terrestrial atavus of the whales undoubtedly had these 
structures, which were gradually lost among other adaptations to 
aquatic life (see Chapter XX). Fistulse, or permanent abnormal 
openings of the neck, which sometimes occur in the human sub- 
ject, have been considered as relics of the ancient gill-clefts of our 
piscine ancestry (see Chapter XXXIX). 

In summation it may be said that ‘^less marked cases set down 
to atavism may be instances merely of normal regression. Many 
cases of more abnormal structure, which are really due to abnormal 
embryonic or post-embryonic development, are set down to atavism, 
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as, for instance, the cervical fistulae [mentioned above] ... It 
is also used to imply the reversion that takes place when 
domestic varieties are set free [to interbreed indiscriminately] and 
when species or varieties are crossed. Atavism is, in fact, a mis- 
leading name covering a number of very different phenomena^' 
{Enajclopedia Britannica ) . 

Telegony (Gr. Tr}\eyovoSf born far away). — There is a very 
widespread feeling among breeders of domestic animals, especially 
of the finer strains, that the first male bred to a female will influence 
not only his own offspring but subsequent young by another sire. 
Up to the end of last century I^ord Morton^s experiments with a 
male quagga and a young chestnut seven-eighths Arabian mare 
were regarded as affording strong evidence of this theory. These 
experiments were repeated as accurately as possible in 1899 by 
J. C. Ewart. The initial one was the impregnation of a mare. 
Mulatto,’^ by a Burchelfs zebra. The offspring, ^^Romulus,^^ 
resembled the richly striped Somali zebra more than his sire. 
Later Mulatto was bred to a pure Arab stallion, but while the 
foals showed traces of stripes, they were decidedly less suggestive 
of zebras than were pure-bred foals of a near relative of Mulatto 
which had never seen a zebra. Ewart considers the evidence in- 
conclusive, and believes that the apparent instances are due to 
other factors. 

It is evident that what is called telegony does not actually exist. 
In highly bred strains of dogs, for instance, there are repeated 
occurrences of reversion to an inferior type which require con- 
stant care on the part of the breeder to eliminate, in order to 
breed only from the better examples. 

Prenatal Influence. — There is a widely held belief that in mam- 
mals a special additional formative influence is exerted by the 
mother in the period between conception and birth. Maternal 
impression, so-called, does not refer to the results of good or poor 
nutrition, which are discussed below, but to the development in 
the unborn young of definite anomalies such as birthmarks and the 
like. While instances are numerous, they have never been given 
accurate scientific research and are still open to question; neverthe- 
less, many people believe in prenatal influence and the belief is 
very old, as the first recorded instance known to me is in Genesis 
XXX, 32-42, dating back to the time of the patriarch Jacob, 
about 1730 b.c. Jacob was to receive as his share of Laban’s 
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€ocks and herds ^^all the speckled and spotted cattle, and all the 
brown cattle among the sheep, and the spotted and speckled 
among the goats, while Laban was to retain such as were not so 
marked. So Jacob “took him rods of green poplar, and of the 
hazel and chestnut tree; and pilled white streaks in them, and made 
the white appear which was in the rods. And he set the rods which 
he had pilled before the flocks in the gutters in the watering troughs 
when the flocks came to drink, that they should conceive when 
they came to drink. And the flocks conceived before the rods, and 
brought forth cattle ringstreaked, speckled and spotted. Jacob 
was shrewd enough, however, to put the rods before the eyes of 
the stronger cattle, “but when the cattle were feeble, he put them 
not in: so the feebler were Laban^s, and the stronger Jacob’s.^^ 

Transmission of Parental Conditions. — One thing which must 
be distinguished very clearly from heredity is the transmission of 
characteristics which are not those normal to the race but those 
peculiar to the parent, such for instance as the malnutrition of the 
embryo due to the weak or impoverished condition of the mother. 
Heredity hands down qualities of the parents as they should be, 
transmission as they are; the one is concerned with the nature, 
the other with the nurture of the individual. In breeding, the 
potentially best is often better than the actually best, as an old 
race horse sire will produce speedier colts than a young and 
vigorous cart horse. Nevertheless, the feebleness of either par- 
ent through disease or debauchery may produce offspring with so 
heavy a handicap that they are never able to overcome it and 
cope with others of potentially inferior stock. Insufficient nutri- 
tion both before and after birth may partially neutralize the most 
vigorous inheritance. 

Sex Determination. — The problem of sex determination is an 
interesting one for which many theories have been advanced, 
but the fundamental differences in sex are not so great as might 
be imagined, as the organs of the one are often represented as 
rudiments in the other, the differentiation coming about mainly 
through division of labor between male and female in the produc- 
tion and nutrition of offspring. 

The actual determination of sex resides in the germ itself and 
is established at conception; the development of sexual characteris- 
tics, on the other hand, may well be due to the influence of certain 
hormones secreted by the endocrine glands. The latter derange- 
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ment sometimes gives rise to sexual anomalies, such as pseudo- 
hermaphroditism in higher vertebrates, even in man. Occasion- 
ally there occurs true hermaphroditism (Gr. Hermes, and 

^A0po5tT77, Aphrodite), that is, a combining of the sexes in one 
individual. Among animals this is rare and is almost invariably 
found in sedentary or semi-sedentary types. For example, the 
European oyster is hermaphroditic, while its American ally is not. 
Barnacles, sedentary Crustacea, are often bisexual, and sometimes 
there may be seen within the body of the hermaphroditic female a 
small, so-called complemental male, evidently in process of elimina- 
tion from the race. The snail and earthworm, which, though not 
sedentary, have very limited powers of movement, also have the 
sexes combined, while in plants separate sexes are the anomaly, 
hermaphroditism being the rule. Among invertebrates the pro- 
portion of the sexes varies enormously; among vertebrates, on the 
other hand, they are generally nicely balanced. In the hive bees, 
as we have seen, unfertilized eggs invariably produce males, 
whereas among aphids parthenogenesis gives rise to females only 
until autumn, and then to both sexes, while the fertilization of 
the winter egg, as in the bees, produces females only. Here the 
appearance of males — and the same is true of wasps and many 
other insects — is a harbinger of cold and inclement weather, and 
may sometimes be postponed by artificially continued uniform 
conditions. For example, the scale insects (Coccidse) found in a 
state of nature normally produce the males toward the end of the 
growing season, and this is also true of some types resident upon 
hothouse plants (Pulvinaria sp.). On the other hand, certain 
hothouse species far from their native habitat have been observed 
for years without the discovery of a single male. 

Homologies and Analogies. — The distinction between homol- 
ogous organs which have the same structure and origin, in other 
words, such as are morphological (Gr. iJiop(j>rj, form) equivalents, 
and analogous organs which have a similar use or function but 
which may not be historically identical is often of the utmost im- 
portance. Homologous organs imply blood relationship on the part 
of their possessors and are therefore the basis for classification. 
Analogous organs, on the other hand, while they necessarily have 
the same function, may have their origin in very unlike structures 
and may be very misleading to the systematist. Such, for ex- 
ample, are the various types of wing whereby at least four different 
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groups of animals, three vertebrate and one invertebrate, have 
attained true flight. In the vertebrates, the birds, bats, and the 


extinct pterodactyls 
have each independ- 
ently developed a wing, 
but in every case it is 
the modified fore limb 
equivalent to the arm 
and hand of man. Hence 
the wings of bat and 
bird and reptile are 
both analogous and 
homologous, as they are 
historically the same or- 
gan and also have the 



Fig. 12. — Section of insect, showing wings. <Z, 
digestive system; h, heart; n, nervous system; 
iTj tracheal system. (After Packard.) 


same function. The 


wings of the insect, however, are not the same structure at all, but 
are modified out-pushings of the body-wall which have become ex- 
panded into thin membranous plates, stiffened with veins and ribs, 



Fig. 13. — Vertebrate fore limbs (homologous). A, Necturus, a primitive 
salamander; B, Ichthyosaurus; C, GlobicephaluSj a dolphin; D, pterodactyl; E, 
bird; F, bat. (After Wilder.) 


movably articulated to the body and endowed with muscles to sustain 
their owner in the air. Hence the wing of the insect is analogous to 
those of the bird and bat, but not their homologue at all. (See Fig. 12.) 
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This matter of homologies may be carried further, for not only 
do the fore limbs of forms so remote in habits and habitat as a 
salamander, ichthyosaur, bird, and whale (see Fig. 13) agree in 
being the homologues of one another as a whole, but the individual 
bones and even the principal muscles of one limb are homologous 
with those of another. 

Classification, which, as has been said, should show true phyletic 
relationship, is based upon the resemblances and dissimilarities 
of homologous structures. 

Vestigial Organs. — Vestigial organs are such as are not fully 
developed, and are to be contrasted with rudimentary structures 

which are in process of evolutionary 
growth and thus are progressive, 
whereas the vestigial organs are retro- 
gressive and are tending toward dimi- 
nution and ultimate loss. Rudimentary 
horns are often observed on the head 
of fossil ungulates such as titanotheres 
and rhinoceroses, whereas the splints 
on either side of the cannon-bone of a 
horse's foot are vestiges of formerly 
useful lateral toes. The vestigial organs 
are therefore of historical importance 
and would not exist, especially where 

V their old-time function has entirely 

limbs ot python. /, femur or 

thigh; ^7, ilium or hip bone, ceased, were it not for heredity. 

(From Romanes’ Darwin and Of such are the vestigial hind limbs 

After Darwm. Copyright, python and other related 

open Court Publishing Co.) ,i 

snakes. Externally they are mere spurs 

on either side of the vent, internally they are seen to contain 
several of the bones normal to a fully formed limb, ilium, femur, 
tibia, and claw (see Fig. 14). Embryo whales generally exhibit 
the coat of hair of their ages-vanished forebears, and also, as 
Ktikenthal has shown, the relics of hind limbs as well de- 
veloped buds. At birth, however, the hair has been shed except 
for a few bristles about the lips and all external trace of hind 
legs has gone, there being only a few bones, as in the py- 
thon, buried deep within the mass of the creature's flesh (see 
Chapter XXXIV). 

Mankind, according to Wiedersheim, has no fewer than 180 such 
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relics, which will be discussed somewhat at length in Chapter 
XXXIX. 

Atrophy of Parts. — Atrophy of parts, which results in these 
vestiges, has been variously accounted for, the three or four prin- 
cipal theories being as follows: 

1. Panmixia (Gr. ttSs, all, and mixing) or cessation of 

selection, the organ being no longer held up to a high degree of 
efficiency. Organs once useful, from change of environment or of 
habits are no longer of value, so that natural selection ceases to 
act upon them, and animals born with the organ somewhat defec- 
tive or in a condition below the average would not necessarily be 
killed off in the intra-specific strife and would therefore be as likely 
to mate and keep on producing offspring as those with the organ 
of average or better than average development. Panmixia would 
obviously lead to a loss of high condition on the part of the organ, 
but how far the latter would degenerate and whether cessation of 
selection would ever cause it entirely to disappear, as the limbs 
of most serpents have, is open to serious question. This leads us 
to the second possibility. 

2. Reversal of selection. Of this factor there can be little doubt, 
and it may well work in connection with panmixia, when a useless 
organ becomes a burden, to complete what the latter has begun. 
This theory postulates a change of condition or habit under which 
an organ previously beneficial may become actually detrimental 
to the animal. It differs from cessation of selection, which implies 
that the structure is no longer of selection value, hence its presence 
or absence is entirely immaterial. Here the absence of the organ 
is to be desired, therefore it is of negative selection-importance 
and not merely an indifferent thing. A very graphic instance 
wherein reversal of selection has been operative is that of the wing- 
less beetles found on certain oceanic islands. In Madeira, for 
instance, there are 393 species of insects which are peculiar to 
the island. Of these 178 species cannot fly. The latter could not 
have reached the island in their present flightless state, so that 
the loss of flight is a local evolution (Scott). The inference is that 
while in a wide environment wings are so distinctly advantageous 
that natural selection would tend to strengthen them toward 
greater and greater perfection, in a small islet they would become a 
distinct menace, often causing their unlucky possessors to be 
swept overboard and drowned, and though the laws of chance 
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would operate as usual, nevertheless in the long run the individ- 
uals with the strongest powers of flight would be placed in the 
greatest jeopardy. Hence natural selection in opposition to its 
usual results would weed out what in most conditions would be 
the fitter, leaving the less fit to survive and reproduce their kind. 
It is not, therefore, a reversal of the process of natural selection, 
but a reversal of its results due to diametrically opposed con- 
ditions. 

3. Inheritance of the results of functional disuse. This was ap- 
parently the simplest and most logical way to account for the 
atrophy of parts in evolution until Weismann^s epoch-making 
work cast doubt upon it, for it is a well-known fact that, with the 
individual, use strengthens an organ while disuse causes it to 
weaken and partially atrophy. Witness the Hindoo fakirs who 
hope to acquire a state of singular holiness through the mortify- 
ing of the flesh. Some of them keep the arms raised permanently 
above the head, with a consequent shrinkage of muscle and stiffen- 
ing of joint until the limb could not be used if they would. But as 
Weismann has shown, such modifications are those of the mortal 
somatoplasm and cannot, apparently, impress themselves upon the 
race. How then can this explanation account for the evolutionary 
atrophy of parts, unless there is still some factor of heredity which 
we know not of? 

4. Orthogenetic variations (see page 87), if such exist, may 
account for the atrophy of organs as readily as for their increase, 
and for those who believe in determinate variation, the continued 
tendency to diminution, generation after generation, would suffice. 
If orthogenetic evolution has caused the continual strengthening 
and lengthening of the median toe of the ancestral horses, it can 
also account for the reciprocal shortening and weakening of the 
lateral ones until they ultimately disappear. 

Summary. Thus cessation of selection might readily account 
for the initial reduction of an organ, but probably only to the 
condition of fluctuating around a mean, and would never cause 
its total atrophy. Reversal of selection under conditions where 
the organ is not only no longer useful but an actual menace would 
be a potent cause for its elimination. Inherited effects of disuse 
cannot be proved nor are determinate variations generation after 
generation of unquestionable occurrence. Consider the way the 
splint bones of the modern horse vary in every conceivable direc- 
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tion of change with no very marked tendency toward reduction 
since the Pleistocene. 

Characters Which Are Not Heritable 

Acquired Modifications. — Long observation has shown that 
certain variations among animals are not heritable. These are: 

1. Acquired modifications due to disease, mutilation, use or 
disuse of parts, and changes due to the direct action of the environ- 
ment upon the organism, such as the loss of color on the part of 
forms living in the dark. 

2. Characters peculiar to seXj which are inherited, not by all, 
but by the appropriate sex. That is, the traits which are mani- 
fest, for in the case of the fatherless drone bee it will be remembered 
that as he inherited all of his traits, masculine and otherwise, 
through his mother, she must have borne all of the male charac- 
teristics within her but in latent condition. This is also shown by 
the fact that emasculated males are apt to show feminine traits, as 
with the domestic horse, wherein a gelding and a mare may make 
a very well matched pair, but not as a rule either a gelding and a 
stallion or the latter and a mare. It is not so much the feminine 
characters which the gelding shows as the lack of masculine which 
nevertheless are within the sum of its inheritance. 

3. Certain parental characters^ apparently not inherited, really 
have been received but lie in latent condition, to reappear in some 
future generation, as in the case of atavism. 

Principles of Inheritance 

Students of heredity have worked out a few definite principles 
of inheritance with which, under certain conditions, organisms 
seem to conform. The most interesting ones are Galton^s laws 
(Francis Galton being a cousin of Charles Darwin), and MendeFs 
laws. The first of these, historically speaking are: 

Galton^s Laws. — Galton^s law of ancestral inheritance was 
based upon two main sources: the study of the carefully kept 
pedigree book of the kennels of the Basset Hounds Club, whose 
records extended over a period of twenty-two years, and a study 
of inheritance in the British peerage, of which very complete 
genealogical records have been kept. Galton’s statement is that 
‘^any organism of bisexual parentage derives one half of its in- 
herited qualities from its parents (one fourth from each parent), 
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one fourth from its grandparents, one eighth from its great-grand- 
parents, and so on. These successive fractions, whose numerators 
are one and whose denominators are the successive powers of two, 
added together equal one or the total inheritance of the organism, 
thus: 




l+^+ A + + 


= 1 ’ 


This has been shown to be only a general approximation of the 
actual inheritance relations. Another consideration is due to the 
fact that each person has two parents and four grandparents, but 
beyond that the geometric progression may not hold, since even 
in a country like ours which draws its population from the four 
corners of the earth, each of the eight great-grandparents is not 
always a distinct person; for when parents are cousins, this number 
may be reduced to six, five, or even four instead of eight. Hence 
the share of each in one^s inheritance is proportionately in- 
creased. 

The law of filial regression states that the offspring of excep- 
tional parents tend to regress toward mediocrity in proportion to 
the degree of parental exceptionalness, or, ^^On the average any 
deviation of the parents from the racial type is transmitted to the 
progeny in a diminished degree; the deviation from the racial 
mean being two-thirds as great as that of the parents^’ (Wood- 
ruff). This probably expresses a general truth, but whether or not 
regression will occur depends upon whether the exceptional 
characteristics of the parent are somatic modifications or actual 
germinal mutations. In the former instance there will be regression 
to a condition normal for the race; in the latter, there will be no re- 
gres^ieir. 

"Mendel’s Laws. — That which we have come to call Mendelism 
was first discovered by an obscure Austrian monk, Gregor Johann 
Mendel, of Briinn, who was born in 1822 and died in 1884. Mendel 
wrote little but wrote that little with admirable clarity of thought; 
nevertheless it was apparently beyond the understanding of the 

wise men of his day. Mendel was in advance of his time, and the 
discovery of several biological principles then unknown, but now 
clearly understood, was necessary before a full understanding of 
his theories could be reached. Long after MendeFs death, in 1900, 
his laws were independently rediscovered simultaneously by three 
men, De Vries, Correns, and Tschermak, and it speaks highly for 
their chivalry that honoring the all-but-forgotten monk, they 
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called the new-found laws MendeFs, rather than their own'^ 
(Castle). Bateson discovered the application of the laws to ani- 
mals as well as to plants. 

Mendel’s laws were based upon a series of experiments carried 
on in the seclusion of the monastery garden upon pedigree cultures 
of peas {Pisurn sativum) and other plants, and his results were pub- 
lished in 1865 in the Abhandlungen of the Natural History Society 
of Brtinn. He found in the course of his experiments that the 
peas showed a number of pairs of contrasting characters, of which 
seven are recorded, one of each pair being dominant, the other re- 
cessive. These characters were: 

1. Shape of ripe seed; whether round, or wrinkled. 

2. Color of cotyledons; whether yellow, or green. 

3. Color of seed skin ; whether various shades of gray and gray- 
brow n, or white. 

4. Shape of seed pod; whether simply inflated, or deeply con- 
stricted between the seeds. 

5. Color of unripe pod; whether green, or yellow. 

6. Whether the flowers are arranged along the axis of the plant, 
or are terminal and form a kind of umbel. 

7. Length of stem, whether dwarfed or tall. 

The results of a large number of crosses showed but one only of 
each of these characters in the offspring in the first filial generation, 
proving that in each pair one character was dominant and the 
other recessive. By letting the cross-bred peas fertilize themselves, 
Mendel raised a second filial generation in which the proportion of 
dominant to recessive characters was with very considerable 
regularity in the ratio of three to one. In other words, the propor- 
tion in the offspring of cross-breds was approximately 75 per cent 
dominant and 25 per cent recessive. These were again self-fertilized 
and the offspring of each separately sown, with the result that, 
whereas from recessives he obtained only recessives in any num- 
ber of succeeding generations, the offspring of the dominants were 
not at all alike, in that they gave, first, pure dominants which, like 
the recessives, produced pure dominants indefinitely and second, 
cross-breds which while appearing dominant, nevertheless con- 
tained recessive characters and when self-fertilized produced once 
more dominants and recessives in the ratio of three to one. But of 
the apparent dominants one only was pure to every two which, 
although mixed, showed only the dominant trait. Therefore by 
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self-fertilization the original cross-breds produce out of ererv 
hundred: 

25 D : 50 DR : 25 R 

Like the pure R^s, the pure D’s are thenceforth pure. 

The 50 DR’s again have mixed offspring: 

1 D : 2 DR : 1 R = apparently 3 D : 1 R 

It was found that by working with combinations of two char- 
acters the results were the same although naturally more com- 
plicated. 

Mendel’s laws may be thus stated. When two parents that show 
contrasting characters, one dominant, the other recessive, are 
crossed, the offspring will resemble the dominant parent only in 
respect to the character in question. When these hybrid offspring 
are crossed with each other, the progeny will be mixed, 25 per cent 
resembling the dominant grandparent, 25 per cent the recessive 
grandparent, while the remaining 50 per cent will again be hybrid 
like the parents but will resemble the dominant grandparent. 
Thus 75 per cent will appear dominant and 25 per cent recessive, 
the ratio being on the average three to one. 

There are three principles upon which these laws are based: 

1. Independence of unit characters^ traits being inherited as 
units. 

2. Dominance. Unit characters are inherited through genes or 
determiners, and even when inherited the recessive characters 
cannot appear, if dominant characters also are present. 

3. Segregation or purity of the germ cells. Each body cell 
of a hybrid contains genes for both of the contrasting characters, 
but during the process of maturation the chromosomes are halved, 
one gene for each character being discarded, so that but one re- 
mains, either dominant or recessive, as the case may be. Im- 
pregnation restores the number of chromosomes and genes but 
there is still only one gene from each parent for each character. 
Thus, if both genes are for the dominant character, the offspring 
will be pure dominant; if both are recessive the offspring will be 
pure recessive; if one is dominant, the other recessive, the offspring 
will be hybrid; but only the dominant character can be manifest 
in the body. 

Castle, for example, has experimented with guinea-pigs with 
gome interesting results, the contrasting characters being white or 
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black color, short or long hair, smooth or rough coat. In mating 
those of contrasting colors he finds that in the first generation all 
of the offspring appear black, which is the dominant color. When 
two of these are mated, their offspring, if four in number, will con- 
tain three black and one white individuals. The latter, mated with 
a white individual, will produce white forever. Of the black, but 
one is pure, the others having combined characters of which, how- 
ever, only the dominant one is visible. The pure black mated with 


Fig. 15. — Results of crossing large size 
(L) and small (s) pea plants. The circles 
represent the zygotes and the character of 
the soma (phenotype), the letters within 
the circles the germinal constitution 
(genotype). The letters outside the recom- 
bination square represent the gametes. 
Each parent P represents a different 
phenotype and genotype, all the Fi gen- 
eration belong to the same phenotype 
and genotype, although but one is shown 
in the diagram, while in F 2 there are two 
phenotypes and three genotypes. Of the 
former there are three large (dominant) 
phenotypes to one small recessive. (After 
Woodruff.) 



another pure black would have black offspring forever, while- 
if the cross-breds were mated, their offspring would be in the ratio 
of three to one, and so on. 

A further interesting experiment was the transplanting of the 
ovaries of a young black female into a white one. The latter was 
then bred to a white individual and whereas a normal white in- 
dividual cannot have any black unit-characters in its germ cells 
and therefore should produce only white indefinitely when mated 
with another white one, the offspimg of this union were black, 
showing conclusively that the inheritance lies in the germ cells, 
and that this somatic characteristic of the foster-mother in nov 
way influenced the offspring, although all of its nourishment botb 
in utero and later was derived from her body. 
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A diagram, which has been modified from Castle to illustrate 
the Mendelian law as applied to the single unit-characters of black 
B and white W, follows. 


Black Male White Female 



Occasionally the dominant contrasting characteristic of the 
parents is not exhibited in all of the cross-mated young in the same 
degree, but a blending of dominant and recessive traits may occur. 
Thus among silk-worms, a cross of the Shanghai variety, which has 
a white cocoon, and the Yellow Var with a rose-yellow one pro- 
duces a form whose cocoons are straw-yellow. Again the blend 
may be a chemical one, as in grapevines, of which the Aramon 
(‘oloring matter has the chemical formula C46H36O20; the Teinturier 
has the formula C44H40O20; and the Petit-Bouschet (hybrid) has 
the formula C45H38O20. 

With peas, Mendel bred one 1 foot high with another 6 feet high, 
producing an hybrid with a height varying from 6 to 7 ^ feet; 
while the crossing of the flower Mirdbilis jalapa female (red) with 
the male (white) produced offspring with red, white, and red- 
white streaked flowers, the last being an instance of mosaic inherit- 
ance. In many instances exhibiting at first blended inheritance, 
the regular three to one splitting of dominant and recessive char- 
acters may occur in subsequent generations. 

MendeFs laws, therefore, are apparently a generalization of the 
greatest importance and apply universally to all cases of inheritance. 
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CHAPTER VIII 


ARTIFICIAL SELECTIOU 

Under the general heading of selection are three aspects— 
Artificial, Natural, and Sexual; the first being, as the name im- 
plies, a man-made process which is interesting as indirect evidence 
of evolution, for the plasticity of animals and plants in the hands 
of the breeder shows that remarkable changes in the character 
of organisms can occur, and if produced by Man, why not by 
Nature, which is vastly more influential and has time without 
stint at her disposal? 

The processes of artificial selection are undoubtedly more 
or less analagous to those of natural selection and aid us, as they 
aided Darwin, to understand more clearly the methods whereby 
Nature works to accomplish her results. It seems wise, therefore, 
to discuss this aspect of selection first as an introduction to the 
general theme. 

Artificial selection is the process whereby the various breeds or 
races of domestic animals and plants have been formed by man. 
It is of the character of experimental biology upon which modern 
investigators rely so largely for their facts; but it has been found 
that laboratory experiments sometimes succeed where Nature 
fails, so that it is quite possible that the theory of natural selection, 
for instance, rests too largely upon an assumed analogy with the 
artificial. 

Artificial selection is, in its simplest aspect, an extremely old 
process, judged by human standards, extending as it does over at 
least seven thousand years, and some of the changes wrought 
among animals and plants are truly marvellous. Certain types, on 
the other hand, like the peacock and guinea hen, lack plasticity and 
all the centuries of their domestication' have failed to produce any 
very marked departure from the original stock. Such are static in 
contrast to the more plastic forms. 

Nature of the Product. — The forms produced by artificial selec- 
tion are often very far from a natural ideal and are not such as 
would be produced or even survive in the wild state. In nature, 
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characteristics which make for success in the struggle for existence 
are the product of evolution; in domestic races the qualities or 
traits which are useful to man or conform with his fancy or with 
style are selected, many of which would prove an insuperable 
handicap in open competition. Another characteristic of artificial 
breeds is their instability, their proneness to revert to the original 
type in a few generations if the vigilance of the breeder in pro- 
hibiting promiscuous mating between different varieties is relaxed. 

Examples of Artificial Selection 

Pigeons. — Among the most plastic of all domesticated animals 
are the pigeons, of which considerably more than 150 named varie- 
ties, all descended from a single known source and breeding, were 
known at the time of Darwin (1868) ; moreover, the range of varia- 
tion is so great that some domestic races of the rock-pigeon differ 
fully as much from each other in external characters as do the most 
distinct natural genera (Darwin). (See PI. 1.) 

The rock-pigeon, Columba livia^ which includes two or three 
closely allied subspecies or geographical races, is to be regarded as 
the common parent form. From this conservative bird there have 
been derived some remarkable types, such, for instance, as the 
pouter, in which the body and legs are elongate and the feet are 
fully feathered; but the most peculiar feature, which gives the 
name to the variety, is the enormous size of the oesophagus, which 
is often inflated, giving the bird a remarkably pompous air. A 
second variety consists of the carrier pigeons, with elongated beak, 
neck and body but with the eyes surrounded by much naked, 
generally wattled skin. These pigeons are capable of the most 
sustained flight and are used abundantly as homing birds. They 
gave remarkable service as messengers during the World Wars. 

In the fantail variety, the tail is expanded, directed upward 
and formed of many feathers, with no oil gland, and there is a 
rather short body and beak. The carriage of this bird is remark- 
able, the head touches the tail feathers, and habitually trembles 
very much, and the neck has an extraordinary backward and for- 
ward movement. Good birds walk in a singular manner as if their 
feet were stiff, and owing to their large tails they fly badly on a 
windy day. 

The turbits have the feathers reversed along the front of the 
neck and breast while in the Jacobins they are reversed even more 
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along the back of the neck, forming a hood which, meeting in 
front of the neck, almost encloses the head. Tumblers have a 
curious habit of tumbling backward during flight, some, partic- 
ularly the Dutch Rollers, tumbling to an extraordinary degree. 

Every few seconds over they go; one, two, or three summersaults 
at a time. Here and there a bird gives a very quick and rapid spin, 
revolving like a wheel, though they sometimes lose their balance, 
and make a rather ungraceful fall, in which they occasionally hurt 
themselves by striking some object’’ (Brent in Darwin). 

In the Indian frill-back, as in the Jacobin, the feathers are re- 
versed, but in the frill-back they curl backward over the whole 
body. The trumpeters have a tuft of feathers at the base of the 
beak curling forward, and a very peculiar voice. 

These instances, the descriptions of which have been taken from 
Darwin, will suffice to show not only the extremes of variation 
but the impossibility of natural survival on the part of some of 
them, notably the tumblers and fantails, with their poor locomo- 
tive powers, and the frill-backs, whose feathers, instead of being 
an admirable protection against inclement weather, actually in- 
vite the destruction of the bird. The young of all of the highly 
improved fancy birds are extremely liable to disease and death 
owing to the detrimental effect produced on the constitution of an 
animal by too close inbreeding. Some of these breeds are very old, 
pouters, Jacobins and tmnblers having existed prior to 1600. 
Nevertheless they are not yet stable and it is said that only two 
generations of promiscuous breeding will suffice to produce a 
mongrel in many ways an apparent reversion to the ancestral rock- 
dove type. 

Factors of Artificial Selection 

The means employed by the stock breeder in the production of 
new varieties have been enumerated by Jordan and Kellogg as 
follows: 

First, unconscious selection with more or less complete isola- 
tion, What this really means is a weeding out of the unfit, a sort 
of lethal selection of the less desirable animals from every point 
of view. These are eliminated and the remaining animals per- 
mitted to breed. This improves the stock without giving the race 
distinctive qualities. Nevertheless where isolation is effective and 
environmental conditions differ, it leads in time to marked racial 



ARTIFICIAL SELECTION 


115 


divergence. Among the sheep of England several markedly dis- 
tinct breeds have been thus produced, as follows: 

Hornless Varieties: 

Southdown sheep of Sussex, tawny face and legs. 

Hampshire sheep, black face, ears, and legs, black spot under 
tail. 

Devonshire sheep, similar to preceding but without black spot 
under tail. 

Cheviot vsheep, face and ears white, head free from wool, ears 
erect. 

Shropshire sheep, dun face, face more or less covered by wool. 

Horned Varieties: 

Dorset sheep, white face and ears, small white curved horns. 

Irish sheep, black horns. 

Second, conscious selection of the more desirable individuals, 

(methodical selection) emphasizing such points as larger size, 
plumpness, earlier maturity, greater docility, and fertility. While 
unconscious selection tends to produce racial divergence, here the 
reverse is true, for these good qualities appearing in all individuals 
tend to obscure natural or racial traits and make all sheep look 
alike. 

Third, conscious selection directed toward definite or special 
ends, that is, emphasizing certain individual characteristics rather 
than working toward a good, all-round animal. Variation is con- 
tinually bringing new points to the breeder’s notice; those which 
strike his fancy or increase the value of the animal will be cumu- 
latively emphasized in successive generations by breeding only 
from those individuals which show the characteristic best. In this 
way increased milk-flow or yield of meat or wool, or the disap- 
pearance of horns is obtained. Often the character which strikes 
the breeder’s fancy is non-beneficial and hence opposed to a result 
which would be produced by natural selection. 

Fourth, crossing or hybridizing. The crossing of two individuals 
is often of great benefit because it (1) increases the range of varia- 
tion, (2) adds or combines certain desirable characters, (3) elimi- 
nates the undesirable. The offspring of such crossing may vary 
greatly, especially after the first generation, and the qualities 
they show may be either good or poor. They will diverge widely 
from either parent or show a combination of the characteristics of 
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both. Sometimes traits appear that are distantly ancestral and 
again those that are entirely new. When this cross-breeding is 
accompanied by careful selection directed toward definite or 
special ends, remarkable results are accomplished, and it is mainly 
upon this series of processes that breeding as a fine art depends. 
In this way Luther Burbank has produced a marvellous assemblage 
of plant varieties, flowers, and fruits, attaining by his patience 
and skill results which are almost like those of wizardry. 

Limits of Artificial Selection 

These are not met with as soon among plants as among animals, 
and the first impediment is lack of fertility in making wide crosses. 
Among animals, crosses of varieties only are practicable and as a 
rule related species such as the horse (Equus cahallus) and the ass 
(Equus asinus) can be bred only for one generation, as the off- 
spring is almost invariably sterile. Among plants, on the other 
hand, not only are wider crosses practicable but many plants can 
be propagated from cuttings, while higher animals, including all 
domestic animals, cannot, and the only way of getting another 
individual such as a mule is to make the original cross again. Mules 
can be improved therefore only by improving the parents or by 
crossing different breeds of the horse and ass respectively. 

Cross-breeding Contrasts. — Contrasting results are sometimes 
obtained in cross-breeding by reversing the sexes of the two vari- 
eties mated. Thus the common mule is the offspring of a male ass 
and female horse; from the father he inherits certain superficial 
traits such as the small hoofs, somewhat scantier mane and tail, 
voice, and some peculiar mental characteristics; while from the 
mother come the deeper-lying size and strength and symmetry. 
Some authorities claim that his intelligence is greater than that of 
either parent, although he lacks the dignity and poise of a good 
horse. Reverse the cross and the result is a hinny, more horselike 
in contour and appearance, but with the smaller stature of the 
ass. The voice is that of the horse, and the animal is more apt to 
be fertile than the mule. The superficial characteristics and voice 
are in each instance those of the father, the stature, strength and 
S3mametry those of the mother (see PI. II). 

Among plants the reverse hybridizing of the walnuts gives 
another instance of contrasts. The California walnut (Juglans 
calif ornica) male and the black walnut ( J. nigra) female when pro- 
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pagated give trees which increase in size twice as fast as the com- 
bined growth of both parents, with clean-cut, glossy, bright green 
leaves from two to three feet long, an odor like apples, but no nuts. 
The hybrid is therefore sterile. From the male black walnut and 
the female California tree, however, there is produced a tree with 
larger nuts of a quality superior to that of either parent. 

Mechanical Limits. — The second limit to artificial selection is a 
mechanical one, for just as architecture and especially bridge con- 
struction have their limitations fixed by the strength of the mate- 
rials at the disposal of the builder, so a limit may be reached in 
nature. Speed among animals requires among other characteristics 
long and slender lower segments to the limbs, which reach their 
highest perfection in animals of the size of the average African 
antelope. With a larger creature, such as a horse, the impacts and 
strains to which the limbs are subjected are increased, not only 
because of the greater force required to move a larger animal, but 
very rapidly with each added increment of speed. The modern 
race horse with a speed of over thirty miles an hour has just about 
reached the limit of strength on the part of bone and muscle, and 
a marked increase on the part of future animals is not to be looked 
for without proportionate risk of frequent injury to the horse. 
There are known cases in which a positive limit has been reached in 
attempting to modify organs through selection alone. 

Variations are nature’s contribution to artificial selection and 
are the basis of all man’s work, for he can create nothing, but must 
take the variations which nature provides, and there are definite 
limits to these variations. 
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CHAPTER IX 


NATURAL SELECTION 

Natural selection still seems to be the most important factor in 
evolution and has been defined as ^^The survival of the most fit 
with the inheritance of those species-forming adaptations wherein 
fitness lies’^ (Jordan and Kellogg). Crampton says of it: 

‘^Natural selection proves to be a continuous process of trial and 
error on a gigantic scale, for all of living matter is involved. Its 
elements are clear and real; indeed, they are so obvious when our 
attention is called to them that we wonder why their effects were 
not understood ages ago. These elements are (1) the universal 
occurrence of variation, (2) an excessive natural rate of multiplica- 
tion, (3) the struggle for existence entailed by the foregoing, 
( 1) the consequent elimination of the unfit and the survival of only 
those that are satisfactorily adapted, and (5) the inheritance of 
the mutations or recombinations that make for success in the 
struggle for existence. It is true that these elements are by no 
means the ultimate causes of evolution, but their complexity does 
not lessen their validity and efficiency as the immediate factors 
of the process.’^ 

Prodigality of Production. — Perhaps one of the most impres- 
sive things in nature is the teeming abundance of living creatures. 
J he swarms of gnats dancing in the sunlight, the great number of 
birds on certain oceanic islands, the immense collection of in- 
dividuals in a great school of fishes: all are examples of what Thom- 
son has called the ^^insurgence of life,'^ and when one realizes that 
he seesLufthe smallest fraction of the total numbers which occur, 
he is the more impressed. Speaking of the splendor of oceanic 
luminescence which is often met with at sea, Thomson says: 

There is a cascade of sparks at the prow, a stream of sparks all 
along the water level, awelter of sparks in the wake, and even where 
the waves break there is fire. So it goes on for miles and hours — 
a luminescence due to the rapid vital combustion of pinhead-like 
creatures {Noctiluca and others), so numerous that a bucketful 
contains more of them than there are people in London . . . 
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‘‘On the night before the new or full moon in the middle or latter 
half of December there occurs the remarkable swarming of the 
Japanese Palolo worm. It invariably takes place about midnight 
just after floodtide. At 1 a.m., Akira Izuka relates, the worms 
‘ covered the whole water as with a sheet ' and were thick down to 
a depth of a fathom. By 2.15 a.m., there was not a single worm to 
be seen; the reproductive orgasm was over. The phenomenon ap- 
pears to us to be a dramatic instance of the abundance of life, of 
the crisis-nature of reproduction, and of the precise way in which 
internal rhythms may be related to external periodicities.^^ 

( The productivity of all living organisms is far beyond the 
ultimate numbers which can possibly survive, and the reason is 
this: organisms at their least rate of increase reproduce in geometric 
ratio, whereas the space they may occupy and the available food 
supply remain constant. Hence without some very efficient check 
the slowest breeders would soon exhaust the possibilities of food 
and space. For example, the elephant is the slowest breeder among 
mammals, but Darwin calculated that a single pair beginning to 
breed at thirty years and continuing to do so until a century old 
would produce on the average six young and would have in 750 
years, barring accident, nineteen millions of descendants. A 
rabbit, on the other hand, may have six young in a litter and four 
litters in a year, and the young may begin to breed at six months, 
a vastly more rapid rate of increase than that of the elephant. 

Among the lower vertebrates where no parental care is given to 
the young the potential productivity is necessarily enormous. In 
four herring the number of eggs varied from 20,000 to 47,000; 
in a cod there were 6,000,000; a turbot, 9,000,000; and a ling, 
28,000,000, and yet despite the enormous number of offspring 
which might possibly be produced from a single pair in one genera- 
tion, the ultimate number of herring or cod or ling refnains on the 
average about the same. The chance of survival, therefore, of a 
ling^s egg is one in fourteen million. 

The vertebrates, however, are relatively slow breeders, for there 
are as a rule but one or at most a half a dozen generations in a year. 
With invertebrates, on the other hand, the actual number of gen- 
erations may greatly exceed this, and this is what Linnseus meant 
when he said: “Tres muscsB consumunt cadaver equi, seque cito 
ac leo.^^ Huxley estimated that the descendants of a single green 
fly, if all survived and multiplied, would at the end of one summer 
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weigh down the population of China. Common house-flies would 
in the same time — six generations of three weeks each — occupy a 
space of about a quarter of a million cubic feet, allowing 200,000 
to a cubic foot. An oyster may have 60,000,000 eggs, and the 
average American yield is 16,000,000. If all the progeny of one 
oyster survived and multiplied and so on until there were great- 
great-grandchildren, these would number 66,000,000,000,000,000,- 
000,000,000,000,000,000, and the heap of shells would be eight 
times the size of the earth! 

Professor Woodruff in his experimental study of Paramecium 
has maintained a pedigreed race since 1907, the descendants of one 
wild individual. In five years there were 3029 generations, the 
mean rate of reproduction being three divisions in 48 hours. They 
were as healthy at the end as at the beginning of the culture and 
had given evidence of the potentiality of producing a volume of 
protoplasm approximately equal to ten thousand times the 
volume of the earth! It has been estimated that at the end of 
the 9000th generation, now long since passed, the mass would 
exceed the confines* of the known universe and the rate of growth 
would be extending its circumference into space with the velocity 
of light! 

f With such extraordinary productivity on the part of all living 
matter, the efficiency of the check upon every species of . plant or 
animal is at once apparent. This cheek is that which Darwin and 
Wallace both recognized, and called the struggle for existence. 

Struggle for Existence. — This struggle for existence is the 
competition between all organisms and between each individual 
and the physical enyironment. The struggle is threefold, although 
in the long run it is all against what may be called the environ- 
mental complex, which includes all surrounding nature, whether 
due to physical conditions, to plant or to animal life. 

The intraspecific struggle is the struggle against the organism^s 
own kind, the internecine strife. In some cases this is the most 
severe check of all, for each one^s needs are precisely similar and 
the competition, instead of touching at one or two points, is ab- 
solute. In human warfare, the hatred is more bitter the nearer the 
contestants are related, as shown by Germany’s ^‘Gott strafe 
England!”; so it is with the organic world. 

Examples of this intraspecific struggle are the young trees in a 
forest. As seedlings they may spring up over a devastated area 
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in great abundance. Some soon die from lack of sufficient soil or 
moisture or due to other causes, but they are still numerous until 
they become so tall that their branches begin to mingle and a leafy 
canopy is formed which shuts out light and air from the trees of 
less vigorous growth. Then the weeding out of the less fit begins 
and the number of trees in the area rapidly diminishes until ul- 
timately the relatively few great trees in a mature forest are the 
result. 

In artificial lobster culture, experiments have shown that it is 
better to turn the newly hatched young at once into the sea rather 
than retain them within the limits of the aquarium for any length 
of time, for they are their own worst enemies and the results of 
what may be called cannibalistic selection are more destructive to 
the race than competition with the natural environment. 

Interspecific struggle is the familiar struggle between members of 
different species, often in the nature of competition, ^but perhaps 
more frequently because the one may afford food for the other. 
Mankind is just as much concerned in this interspecific struggle 
as any other form of life, but in general it is the lower organism, be 
it plant or animal, which is worsted in the struggle and must make 
good its losses or perish. The following statement comes from the 
Indian Year Book for 1928 (nearly the yearly average) : 

“The total number of persons killed by wild animals in British India 
during 1925 amounted to 1,962, as against 2,587 in the previous year. 
Tigers were responsible for 974 deaths, leopards for 181, wolves for 265, 
bears for 82, elephants for 78, and hyenas for 6. Deaths were highest 
from tigers in Madras, from leopards in the Central Provinces and Berar, 
from wolves in the United Provinces, from bears in Bihar and Orissa and 
from elephants in Assam. Of the 376 deaths from ‘other animals,' 73 were 
assigned to wild pigs and 98 to crocodiles and alligators. The highest 
number of deaths from all wild animals occurred in Madras (452), Bihar 
and Orissa, the United Provinces and the Central Provinces and Berar 
coming next in order. The mortality from elephants showed a marked 
increase in provinces where these animals are found wild. There has been 
a noticeable decrease in deaths from all other animals except bears in 
almost all provinces. 

“Deaths from snake bite fell from 19,867 to 19,258. Decreases occurred 
in Madras, the United Provinces, the Punjab, Burma, Bihar and Orissa, 
the Central Provinces and Berar and Assam; but Bombay and Bengal 
have reported slight increases. 

“During the year 21,605 wild animals were reported to have been 
destroyed, of which 1,609 were tigers, 4,660 leopards, 2,485 bears and 
2,361 wolves. A sum of Rs. 1,55,667 was paid in rewards, against Rs. 
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1,69,765 in the previous year. The number of snakes destroyed in India 
proper decreased from 47,106, to 41,004, and the rewards paid for their 
destruction were Rs. 1,579 as against Rs. 1,403 in the previous year.’^ 

Instances could be multiplied ad libitum, as the struggle is uni- 
versal and no creature is immune, although in more favored com- 
munities, with rare exceptions, only parasites and disease germs 
make their direct attack upon man, but every animate form depends 
upon some other organism, be it animal or plant, for its food, so 
none is exempt from direct or indirect participation in the univer- 
sal strife. 

Enviromnental struggle is that against the physical environment 
— against excess of moisture or of drought, against extreme h eat ox 
cold, against lightning and tempest, earthquake "and YQlcaiiip 
er upt ion. The eruption of Mont Pelee in May, 1902, slew prac- 
tically every inhabitant of the city of St. Pierre, there being but 
one lone survivor out of a population of perhaps 28,000 souls; 
while in August, 1883, the volcano of Krakatoa as the culmination 
of a series of increasingly violent explosions threw back the in- 
pouring sea and drove a wave of water high upon the neighboring 
coasts of Java and Sumatra, engulfing more than 36,000 people 
with their villages and lands (Iddings). The Sicilian earthquake 
of December 28, 1908, caused the death of at least 77,283 people 
in Messina and the near-by city of Reggio, while the official 
figures for the Japanese earthquake of 1923 are: killed 103,000, 
injured 125,000, missing 235,000, a total of 463,000 souls! Again, 
as a result of neither earthquake nor volcano, the great tropical 
storm of September, 1900, piled up the waters of the Gulf of 
Mexico, almost overwhelming the city of Galveston, with a loss 
of about 5,000 lives. The destruction wrought by our western 
cyclones and tornadoes is well known though rarely is there so 
appalling a loss of life as in the instances that have been given. 
Lightning is said to be the greatest single cause in the destruction 
of ranch cattle in Nebraska, due, however, in large part to the 
conductive power of the wire fences against which the animals 
drift before the storm. Thus the lightning bolt which would in a 
state of nature be local in its effect has its danger zone very largely 
increased through human interference. River floods such as those 
of China take their annual toll of thousands of human lives and 
doubtless of many animals as well. The Cenozoic sediments on our 
western plains, formerly supposed to be those of extensive lakes, 
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are now interpreted very largely as river flood-plain deposits. The 
fossil animals which they contain, and which must number many 
thousands, are largely the accumulations of flood victims of ancient 
days. 

Drought is another potent cause of destruction, not only of 
plants but of animals as well, for the drying up of a waterhole is 
frequently the forerunner of tragedy. Excessive cold for which 
the animals are not prepared is another cause, as in the case 
of the numerous skeletons of guanacos, a wild species, allied to the 
domestic llama of South America, which have been observed in 
Patagonia. Of these Hatcher says: ‘^During the winter storms 
these animals would be driven from the surrounding plains to seek 
shelter in the river valleys and there, beneath embankments or in 
clumps of bushes, would be found the remains of such as, through 
old age or disease, were unable to survive the rigors of the storm 
they had sought to escape.’’ 

All three aspects of the struggle are, strictly speaking, with the 
conditions of life, and as we shall see, the interrelations of various 
organisms with these conditions are generally very intricate, and 
over against the record of a vast host of all living beings nature 
writes a sentence comparable to the handwriting on the wall: 
“Thou art weighed in the balances, and art found wanting.” But 
the destruction is not without distinction, for although the boldest 
and best of a race are sometimes the first to be destroyed, and of- 
ten the slaughter is utterly indiscriminate like that in the trenches 
of Flanders, or when a great Greenland whale rushes through an 
immense school of the delicate sea-butterflies which form the 
bulk of its food, during which thousands are engulfed and swal- 
lowed, no perfection of detail nor harmonizing color nor activity 
nor any other usually advantageous variation availing, one any 
more than the other; nevertheless, taking nature as a whole, the 
fittest do survive in the long run and the least fit are the first to 
perish. 

Survival of the Fittest. — The survival of the fittest is therefore 
the result of natural selection. While the same conditions persist, 
specific change is very gradual, but with changing conditions plac- 
ing a premium on new or different characters, species also undergo 
a change. Natural selection therefore enforces adaptation, and of 
two forms in competition, the adaptable will crowd out the in- 
adaptable. 
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I’his is forcibly illustrated by the Tasmanian wolf or thylacine 
{Thylacynus cynocephalus) which is confined to-day entirely to the 
island of Tasmania but whose remains are found in the superficial 
deposits of the Australian mainland, showing it to be but recently 
extinct. The thylacine is one of the native pouched animals or 
marsupials (page 255) which form the indigenous mammalian 
population of Australasia and is characterized among other things 
by being dull of wit as compared with a true placental dog. Aus- 
tralia has such a dog, the dingo (Cams dingo) ^ the origin of which 
is doubtful, but it is supposed to be of Asiatic extraction and intro- 
duced into Australia by human agency. We have here the adapt- 
able placental placed in competition with the inadaptable mar- 
supial, with the inevitable result — the marsupial holding its own 
when it had only the ancient enemies of its race to contend 
against, but powerless in competition with the representative of 
a more vigorous stock. 

Nature’s Balance. — Competition is inseparable from life and 
is really the source of all progress, but this very competition leads 
to a nicety of adjustment between rival organisms and a linking 
together of other beings into a marvellous web of interrelation- 
ships. This nicety of adjustment is known as nature^s balance, 
and, although often unobserved, man has inadvertently some- 
times upset the adjustment, causing dire results which he knows 
to his cost. 

Not all organisms are enemies, as we have seen in discussing the 
biotic relationships of animals in Chapter II, but in many 
instances, although generally among unrelated forms, there is a 
marked interdependence, all of which adds to the complexity of 
the web of life, and at first sight the extremes of a series of interre- 
lated organisms, when the links in the chain are unknown or dis- 
regarded, make them seem very far-fetched as illustrations of the 
case in point. Such, for example, is the linkage suggested by 
Darwin between domestic cats and red clover, but when all of the 
links are known, the connection is at once evident. Darwin found 
by experiments that humble-bees are almost indispensable to the 
fertilization of the heartsease (Viola tricolor), for other bees do not 
visit this flower. He also found that the visits of bees are neces- 
sary for the fertilization of some kinds of clover; ^‘for instance, 
twenty heads of Dutch clover (Trifolium repens) yielded 229G 
seeds, but twenty other heads protected from bees produced 
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not one. . . . Humble-bees alone visit red clover, as other bees 
cannot reach the nectar. . . . Hence we may infer as highly 
probable that, if the whole genus of humble-bees became extinct 
or very rare in England, the heartsease and red clover would 
become very rare, or wholly disappear. The number of humble- 
bees in any district depends in a great measure on the number of 
field-mice, which destroy their combs and nests; and Col. New- 
man, who has long attended to the habits of humble-bees, believes 
that ‘more than two-thirds of them are thus destroyed all over 
England.^ Now the number of mice is largely dependent, as every 
one knows, on the number of cats; and Col. Newman says, ‘Near 
villages and small towns I have found the nests of humble-bees 
more numerous than elsewhere, which I attribute to the number 
of cats that destroy the mice.’ Hence it is quite credible that the 
presence of a feline animal in large numbers in a district might 
determine, through the intervention first of mice and then of bees, 
the frequency of flowers in that district!” Huxley had added a 
link to each end of this chain of relationship by the supposition that 
the cats are very largely harbored by the unmarried spinsters on 
the one hand, whereas the clover affords sustenance for the cattle 
which in turn produce the “roast beef of Old England” which 
nourishes her valiant sons which are the source of England’s 
might, thus making the number of maiden ladies in a community 
productive in this very roundabout way of the prowess of Great 
Britain. 

It will readily be inferred from the foregoing how wonderfully 
delicate this balance of nature is in its adjustment and how easily 
it may be deranged by human interference. A few notable examples 
of such derangement of the balance may be given. The English 
sparrow was introduced into a city of Connecticut for the pur- 
pose of eradicating the measuring worms which were defoliating 
the elm trees at the time so characteristic of the town. It may be 
said to its credit that the sparrow did largely abate the nuisance 
for which it was imported, but owing to its fecundity, greediness, 
and quarrelsome disposition, it has become a widespread pest, 
driving out the native song and insectivorous birds and offering in 
exchange only its own unattractive personality. 

Another instance is the Colorado potato beetle (Doryphora 
decemlineata) , a native of the Central West, where it fed upon the 
nightshade and was kept in check by its natural enemies. The 
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introduction of the potato plant, a close ally of the nightshade, 
offered the beetle a new and abundant food-supply, to which it 
took with great avidity, multiplying rapidly, for the lessening of 
the competition for food rendered the other natural checks of rela- 
tively little avail. The beetles then began an eastward migration 
in an ever widening pathway, going from one potato plantation to 
the next, until they finally reached and extended along the Atlantic 
seaboard and now extract an annual toll equivalent to thousands of 
dollars from the raisers of the esculent tuber. In this case, it was 
not, as usual, the introduction of an animal into new environmental 
conditions that upset the balance, but the reduction of one of 
the most severe checks to survival, the struggle for food. 

Another very remarkable instance the entire history of which is 
known is that of the gypsy moth (Porthetria dispar) which was acci- 
dentally liberated in Medford, Massachusetts, in 1869. Professor 
Leopold Trouvelot, a French naturalist, was experimenting with 
silk-spinning caterpillars, especially the American species, to see if 
any could be made of economic importance. He also imported 
specimens of the insect under discussion from Europe. Evidence 
seems to show that some of the egg clusters or young caterpillars 
escaped from his place, and as he was aware of the dangerous 
nature of the insect in its native home, he destroyed all the cater- 
pillars he could find, but soon seeing that he could not fight them 
single-handed, he reported the matter to the authorities. Little 
notice was taken of the insects, however, although after a few years 
they did become exceedingly troublesome to the people of the 
neighborhood by defoliating their shade and fruit trees. During 
the summer of 1889, however, their depredations and numbers 
increased to such an extent as to become a public menace, depre- 
ciating the value of property and causing an exodus from the 
infested districts, as they swarmed everywhere and many trees and 
orchards died as a result of the repeated defoliation. The legislature 
of the commonwealth then took up the problem of extermination 
and appropriated the sum of $25,000 for their elimination. Addi- 
tional appropriations were requested and granted until 1900, when 
the work of the state commission ceased. In the meantime another 
similar pest, the brown-tail moth (Euproctis chrysorrhoea) had also 
been introduced from Europe and, together with the gypsy moth, 
which spread alarmingly with the cessation of the work of exter- 
mination by the state, has become a problem of national impor- 
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tance. Hence the United States Government in cooperation with 
that of Massachusetts has taken up the fight. Actual extermina- 
tion seems now out of the question, as every available method, 
mechanical, by poison, or by fire, has been tried, and what the 
authorities are striving to do is to restore nature’s balance by in- 
troducing the parasites and other natural enemies of the two in- 
sects from their native home, with the hope that thereby they 
may be controlled and not become too great a burden, for their 
total destruction seems impossible. 

Yet another noted instance is the introduction of the carnivorous 
mammal, the mongoose {Herpestes griseus), into Jamaica. ^^Rats 
brought by ships became a plague in Jamaica. To cope with them 
the mongoose was imported, and it made short work both of the 
Old World rats and the Jamaican cane-rats. But when these were 
gone, the appetite of the mongoose remained, and the poultry and 
various ground birds began to suifer. Useful insect-eating lizards 
were also eaten, and another cloud rose on the sky — there was a 
multiplication of injurious insects and ticks, so that plants and 
animals began to be affected through an ever-widening circle” 
(Thomson). 

One instance where balance has been partially restored after be- 
ing upset by human interference is in the case of a scale insect 
accidentally introduced into California from Australia on some 
young lemon-trees. This multiplied until it became a most per- 
nicious pest which various mechanical remedies failed to control. 
Search was made in Australia, and a natural enemy, a lady-bug, 
was brought over to California, with the result that not only was 
the scale reduced but almost completely eliminated. It was then 
found that the lady-bug depended upon the scale for food to such 
an extent that it died in turn, and now protected colonies of scale 
and lady-bug are kept in readiness to control future outbreaks of 
the pest ! 

Survival of the Existing. — We have spoken of the survival 
of the fittest which controls the existence not only of a race, or the 
individuals which make up the race, but also of the characteristics 
which compose the individual. There are, however, certain char- 
acteristics which seem to be non-important and, so far as we can 
judge, have nothing to do with an organism’s chance for survival. 
These non-essential characters are, as we say, not of selection value, 
and persist through heredity. They are minor traits such as pe- 
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culiar color patterns, relative proportions of parts, or vestigial struc- 
tures, like the red color seen in the fins of certain deep-sea fishes. 
These forms live in a habitat where, as no light exists, the color 
can not be seen and hence is of no possible utility to the animal. 
The spots on the coat of a lion-cub are also instances in point. 
Usually these indifferent traits may be interpreted in the light of 
historic vestiges and point to former conditions in racial history 
where they were of importance in determining the chances for 
survival. To this category belong the great number of vestigial 
organs of which Wiedersheim has enumerated 180 in the human 
body alone! (See Chapter XXXIX.) 

Summary. — The effect of natural selection as an evolutionary 
factor has thus been summarized: 

1. Under new conditions harmful characters will be eliminated 
by selection. 

2. Beneficial characters are intensified and modified. 

3. The great body of characters neither hurtful nor beneficial 
will not be modified but will persist through heredity. 

“The resultant of these existing conditions [of environment] is, 
according to Darwin and his followers, an inevitable natural selec- 
tion of individuals and of species. Thousands must die where one 
or ten may live to maturity (t. e. to the time of producing young) . 
Which ten of the thousand shall live depends on the slight but suffi- 
cient advantage possessed by ten individuals in the complex strug- 
gle for existence due to the fortuitous possession of fortunate 
congenital differences (variations). The nine hundred and ninety 
with unfortunate congenital variations are extinguished in the 
struggle and with them the opportunity for the perpetuation (by 
transmission to the offspring) of their particular variations. There 
are thus left ten to reproduce their advantageous variations. The 
offspring of the ten of course will vary in their turn, but will vary 
around the new and already proved advantageous parental condi- 
tion: among the thousand, say, offspring of the original saved ten 
the same limitations of space and food will again work to the killing 
off before maturity of nine hundred and ninety, leaving the ten 
best equipped to reproduce. This repeated and intensive selection 
leads to a slow but steady and certain modification through the 
successive generations of the form and functions of the species; a 
modification always toward adaptation, toward fitness, toward 
a moulding of the body and its behavior to safe conformity witU 
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external conditions. The exquisite adaptation of the parts and 
functions of the animal and plant as we see it every day to our in- 
finite admiration and wonder has all come to exist through the 
purely mechanical, inevitable weeding out and selecting by nature 
(by the environmental determining of what may and what may not 
live) through uncounted generations in unreckonable time. This 
is Darwin^s causo-mechanical theory to explain the transformation 
of species and the infinite variety of adaptive modification. A 
rigorous automatic natural selection is the essential idea in Dar- 
winism, at least in Darwinism as it is held by the present-day 
followers of Darwin” (Kellogg). 

Several objections to natural selection as a universal factor have 
been offered. Among them are the following: 

1. It does not account for the beginnings of organs, which may 
appear at first as the veriest rudiments having as yet no selection 
value. As one has said, it accounts for the survival of the fittest, 
but not for the arrival of the fittest. Thus, to give rise to such 
specializations as elaborate mimicry, or the electric organ of the 
torpedo, etc., which are of apparent advantage only in the per- 
fected state, natural selection, acting only upon minute gradations 
toward perfection, seems inadequate. The same is true of so com- 
plex a specialization as the eye and its function in the vertebrates 
or in the insects and crustaceans. 

2. Over-specialization, of which there seem to be repeated in- 
stances such as the huge antlers of the extinct Irish deer which in 
some instances outweigh the entire skeleton, or the immense spiral 
tusks of the Jefferson mammoth, or the minute fidelity of certain 
mimicking insects such as Kallima (Fig. 30): all these point to 
the apparent impossibility of natural selection as an agent, for it 
is inconceivable that natural selection would exert an influence 
beyond the point of greatest usefulness to cause the organ to be- 
come a hindrance and not a help nor would it extend to fineness of 
detail in mimicry far beyond the most lesthetic perception of the 
enemy to appreciate. The objection to this objection is the absence 
of absolute proof that these are rightly interpreted as over- 
specializations. 

3. Natural selection cannot account for degeneracy. To say 
an organ is no longer useful and hence disappears, is to state the 
effect and not the cause. If under changed conditions a character 
built up by natural selection becomes a menace, the reversal of 
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selection can accomplish its removal, but this will not suffice where 
the characteristic is an indifferent one. Thus it will be seen that 
whereas natural selection may be conceded to be a factor of im- 
portance, it is apparently not the only factor nor indeed the only 
important factor in the evolution of organic life. 

There are those who object to natural selection because it is 
essentially a materialistic doctrine, depending as it does purely on 
the laws of chance. 

^^But this kind of formal summary of the tactics,^^ says Thomson, 
‘‘is quite fallacious. It conceals the heart of the matter, that 
living creatures with a will to live, with an insurgent self-assertive- 
ness, with a spirit of adventure, with an endeavour after wcll- 
being^ — it is impossible to exaggerate the personal aspect of the 
facts, even if the words which we use in our ignorance may be too 
metaphorical — do trade with time and have commerce with cir- 
cumstance, as genuine agents, sharing in their own evolution. 
There is abundant room for sympathetic admiration of the tactics 
of Animate Nature, though the strategy may — and for science, 
must — remain obscure.^^ 
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CHAPTER X 

SEXUAL SELECTION 


Sexual selection is the second Darwinian factor, the one whereby 
Darwin sought to account for the secondary sexual characters of 
animals, many of which seemingly cannot be the result of natural 
selection, for the modifications may not be useful in the struggle 
for existence. 


Primary Sex Distinctions 

The primary sex distinctions are the functional ones which 
naturally differ in the two sexes. They are the reproductive organs, 
ovaries and testes, with their essential glands and ducts, and the 
organs in the female whereby the young are nourished and devel- 
oped before and after birth, the placenta and mammary glands. 

Secondary Sex Characters 

The secondary sex characters, on the other hand, are such as 
arc often not directly concerned with procreation but may never- 
theless be of considerable importance to the organism. They often 
enable us readily to distinguish the sexes, as in the case of the pea 
fowl {Pavo cristatus)j whereas in other instances sexes may be only 
recognizable by a microscopic examination of the reproductive 
glands, as in the American oyster {Ostrea virginica). 

Special Organs for Mating. — The secondary sex characters may 
be grouped under several headings for the purpose of discussion. 
I irst among them are special organs for mating, structures some- 
times found in the male in addition to the normal devices for coi- 
tion, which are primary sex organs. Such, for example, are the 
holding organs in the male frogs, curious pad-like structures on the 
thumb of the hand, by which the female is firmly clasped on either 
side of the hip girdle. Its purpose is to keep the two sexes together, 
as there is generally no internal impregnation but the eggs are 
fertilized in the water, which must be done immediately after ex- 
trusion before the gelatinous envelope has time to swell, since after 
that impregnation is impossible. The shark-like fishes, with one 
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living exception, have a portion of each pelvic fin in the male 
modified into what is known as the clasper for use as an intro- 



Fig. 16. — Chimjeroid fish, Chimsera colUeij male, showing secondary sex 
characters. cZ, claspers; m. sp, frontal spine (clasper). (Modified from Dean.) 


mittent organ in mating, while in the related chimseroids or silver 
sharks there is in addition to the pelvic claspers a curious device 
on the top of the head, which looks not unlike a door-knocker and 

t is provided with hooks derived 

from the skin. The actual use 
of this knocker-like organ has 
never been observed, but it is 
also supposed to be a clasping 
mechanism (see Fig. 16). 

The cephalopods show a re- 
markable seasonal alteration of 
one of the tentacle-like arms in 
the male which is used in mat- 
ing, a modification known as 
hectocotylization (Gr. eKardvj 
hundred, and xoruXry, hollow 
vessel). The arm is filled with 
the spermatophores prior to 
coition and is detached from the 
male during the latter process. 
Fig. 17. — Argonauta argo, male, hcy a new one being developed to 

m'T'*' “■‘O Fis- 17). 

Brooding Organs. — Another 
kind of secondary sex characters are the brooding organs found 
especially in the female but sometimes in the male. Under this 
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head comes the pouch of the female marsupial mammal, either 
one transverse or two longitudinal folds of skin which cover 
the teats and serve to protect the very immature and helpless 
young until they are able to fend for themselves. A compar- 
able device is seen in the sea-horse { Hippocampus , Fig. 18), a 
small but highly specialized fish in which the ventral fins have 
been modified into a brood pouch to carry the eggs until time for 
them to hatch. In this case, curi- 
ously enough, it is the male which, 
as Thomson says, ‘^carries the eggs 
about in his breast-pocket.'^ The 
same is true of some related pipe- 
fishes (Syngnathus) . 

The frogs and toads also show 
marvellous brooding devices, espe- 
cially the famous Surinam toad 
{Pipa americana) in which the skin 
of the back of the female forms 
growths for the reception of the 
eggs and in these the young un- 
dergo their whole metamorphosis. 

Each receptacle consists of a cavity 
with a lid; the origin of the latter 
is not understood but it is proba- 

bly produced by the remnant of pia. 18 — Sea-horse, Hippocam- 
the egg-shell itself, which, after the pus antiquorum, male, showing 

larva is hatched, remains on the |^rood-pouch formed from com- 
^ , J. . . , bmed pelvic fins. (After Doflein.) 

top of the cup. Gadow says of this 

group: ^^The greatest charm of the Anura [frogs and toads] lies 
in their marvellous adaptation to prevailing circumstances; and 
the nursing habits of some kinds read almost like fairy-tales." 

Special Sense and Sound-producing Organs. — A third in- 
stance of secondary sex characters is represented by special sense 
and sound-producing organs. Here it is the insects which form the 
best means of illustration, for being as a rule active locomotor 
types, their special senses are proportionately developed. Male 
moths, especially the so-called giant silk- worm moths, the cecropia, 
polyphemus, luna, and others, have the feathery antennae enor- 
mously developed compared with those of the female. They are 
the seat of a remarkable sense which, for want of a better under- 
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standing has been compared with the human sense of smell. It is 
used by the male in searching out the female for the purpose of mat- 
ing, and is wonderfully effective, the male moths assembling around 
a newly emerged female from a radius of several miles. Among the 
scale insects (coccids. Fig. 19) both sexes are degenerate sedentary 
types during their young condition and often obscurely colored so 

as to be discerned 
with difficulty. The 
female remains 
scale-like through- 
out life but the male 
upon metamorpho- 
sis changes into a 
delicate two-winged 
fly in sharp contrast 
to his lowly mate. 
Abortion of the 
mouth parts in adult 
insects is not infre- 
quent, as in the 
Chinese silk-worm 
(Bombyx mori), 
may-flies, etc., but 
in the male coccid 
they are replaced 
by an extra pair of 
eyes on the under 
side of the head as 
Fig. 19. — Scale insects, Mytilaspis pomoruni. A, a necessary aid in 
adult male; B, young male scale; C, adult female scale fhp nh< 5 piirp 

and egg capsule. Greatly enlarged. (From J. B. 

Smith’s Economic Entomology.) lemale. 

Vocal organs are 

almost exclusively confined to the vertebrates, with the exception 
of the insects, but in the latter the males only are provided 
with sound-producing organs. With the crickets and katydids 
they are a modification of the fore wings, which have sonorous 
structures that are thrown into vibration by being rubbed past 
each other, the sound being amplified by tightly stretched mem- 
branes analogous to a banjo head, or by resonant chambers 
formed by the wings, and comparable to the body of a violin. 
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The grasshoppers rub the hind leg across the edge of the wing, 
and the cicadas have a remarkable pair of kettle-drums at the base 
of the abdomen which are made to resound by the alternate 
stretching and relaxing of the membrane which covers them. 
They lie beneath a pair of backwardly projecting flaps comparable 
to the skirts of an eighteenth-century waistcoat. 

Special locomotor organs, such as occur in the male scale insects 
and certain moths, are perhaps not so much a development in the 
male as degeneracy in the female, for absence of locomotive powers 
on her part renders increased activity upon that of the male im- 
perative for the sake of future generations. In the famous gypsy 
moth, the female, although still possessing wings, has lost the power 
of flight because of the great weight of her body, while in the 
canker-worm moths the female’s wings have utterly disappeared. 

Organs of special use usually take the form of weapons such 
as the antlers of the male deer, the tusks of the boar and of the male 
musk deer and chevrotains, and among insects the huge mandibles 
of the stag-beetles and the spines on the head and thorax of the 
rhinoceros-beetles. Among bees and w^asps, on the other hand, 
the sting is confined to the females or to the so-called neuters or 
workers which are in reality undeveloped females. The sting is a 
modification of the ovipositor or egg-laying organ characteristic, 
for instance, of the parasitic Hymenoptera which are near relatives 
of their stinging allies. 

Special characters for exciting or attracting the opposite sex 

are such as appeal to the senses of sight, hearing, and smelling, 
taking the nature of cries and antics, of color and plumage, and of 
special odors. They may be either seasonal or persistent and are 
in many ways the most inexplicable of all the secondary characters 
of sex. They are of course confined almost entirely to the male. 
Instances may be multiplied indefinitely, as they have been ob- 
served by all — the gorgeous tail of the peacock, the pompous dig- 
nity of his carriage and even his strident voice are all supposed to 
make an irresistible appeal to the female. The strutting of the 
common turkey and especially the drumming of the ruffed grouse 
are further instances. The beard of man and the mane of the lion 
may also be included under this head. 

Reciprocal organs are found in a reduced state in the female, 
as horns in the goats, antelope, caribou, and reindeer. Stridulating 
organs, though undeveloped, are present in female crickets and 
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katydids, while in male mammals the mammae are present in a 
rudimentary state. In the male, the mammary apparatus normally 
becomes absorbed, though occasionally at birth and at puberty 
milk is produced in the human subject. Male goats and castrated 
sheep have also been known to give milk (Wiedersheim). A func- 
tionless rudimentary brood pouch is present in the male Tasmanian 
wolf (Thylacynus). 

Indifferent Characters. — Under the head of indifferent char- 
acters are included such as are of no vital importance to their 
owner and yet are sex distinctive. They are mainly the negative 
reciprocals of certain structures already mentioned as characteris- 
tic of the opposite sex, as for instance, the reduced wings of certain 
female insects, the vestigial gut in the male rotifers or wheel ani- 
malcules, the slight differences in size or color in many birds and 
insects, or the differences in the proportions or the pattern and 
arrangement of the veins of insect wings and in the number of tarsal 
or antennal segments. 

Atavistic characters are those distinctive of ancestral condi- 
tions, like the hairy chest and greater bodily strength which often 
occur in men but rarely in women. 

These are the secondary sex characters to explain which the 
theory of sexual selection was proposed, but it will be seen that 
with the exception of those under the caption of indifferent charac- 
ters, and perhaps the last three, they may all be regarded as the 
result of natural selection, as they are useful in the struggle for 
existence. The characteristics included in the special characters 
for excitation, etc., on the other hand, are such as make their 
owner more conspicuous and doubtless expose him to dangers from 
which a more obscure animal would be immune. Hence their 
development is opposed to the principle of natural selection, as the 
results are a handicap and not an aid in the struggle for existence. 

Theory of Sexual Selection 

The theory of sexual selection is based upon the competition or 
struggle for mating, and while natural selection presupposes a 
passive female, sexual selection implies presumptive choice on her 
part of the most desirable male to be the father of her progeny, 
with the consequent inheritance by the offspring of his estimable 
characteristics. Darwin also included in his theory the competition 
or struggle for mating where rival males fight for the possession of 
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n female as in the case of the deer or the sea-lion, the female being 
in each instance the passive reward of the victor. But this fighting 
on the part of the males is merely a phase of the intra-specific strug- 
gle, although it is not a fight for food and space but for a chance 
to mate. This chance, however, often depends upon a life and 
death struggle and no theory of sexual selection is necessary to 
account for the development of the weapons or greater prowess 
which enables one animal to become the victor over another. 

Postulated Bases of the Theory. — As Darwin originally pro- 
posed it, the theory was based upon the following assumptions, the 
truth of which was apparently attested by a varying number of 
facts: 

First, many secondary sexual characters are not explicable by 
natural selection; they are not useful in the struggle for life. 
Second, the males seek the females for the sake of pairing. Third, 
the males are more abundant than the females. Fourth, in many 
cases there is a struggle among the males for the possession of the 
females. Fifth, in many other cases the females choose, in general, 
those males specially distinguished by more brilliant colours, more 
conspicuous ornaments, or other attractive characters. Sixth, 
many males sing, or dance, or otherwise draw to themselves the 
attention of the females. Seventh, the secondary sexual character- 
istics are especially variable. 

Darwin believed that he had observed certain other conditions 
to exist which helped make the sexual selection theory probable, but 
the conditions noted are sufficient if they truly exist” (Kellogg). 

Difficulties. — Some of the difficulties which stand in the way of 
our acceptance of Darwin^s tenets are thus enumerated by Kellogg: 
The theory can apply only where the males are more numerous or 
polygamous, otherwise even if rejected by the first female each 
male, however undesirable, would sooner or later find his mate 
and thus the unornamented males would leave as many progeny 
as the ornamented, which would prevent any cumulation of or- 
namental variations by selection. Among the higher vertebrates, 
where a great number of ornamented males occur, the proportion 
of the sexes is about equal, and where polygamy exists there is 
always a struggle for mastery, not an active female choice. 

In most species the mating female is observed to be wholly 
passive and propinquity is seen to be the greatest factor in deter- 
mining which two shall pair. 
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Ornamental colors are as often characteristic of the males of 
species in which there is no real pairing as among those which pair. 
Sexual choice certainly cannot account for the remarkable or- 
namental colors of the males of many fishes in the breeding season, 
for the female may not even see the male which fertilizes her al- 
ready laid eggs. Eigenmann, on the other hand, notes the utter 
absence of such ornamentation among cave fishes which live in 
the dark, and argues that where they do appear, therefore, they 
must be due to visual selection. This may, however, be explained 
in a different way, as we shall see (see page 141). 

A high degree of the aesthetic sense on the part of the females 
of animals would be necessary for choice on a basis of ornament 
and attractiveness. For this we have no other proof, and we can 
not imagine its existence on the part of invertebrate animals in 
which ornament is often so highly conspicuous. Even among the 
higher forms wherein the aesthetic sense may be developed to a 
certain extent, we have no assurance of any one standard of beauty 
for individual taste varies greatly with men and probably also with 
animals. Even if we may attribute a certain aesthetic sense to 
mammals and birds, the question naturally arises whether it can 
be so keenly developed as to lead the female to make a choice 
among slight differences of color or song. Yet this assumption is 
necessary if the theory of sexual selection be accepted. Would not 
the evolution of this aesthetic sense upon the part of the female be 
just as difficult to account for? In all probability her reaction is 
purely emotional rather than discriminative. 

Very few cases of actual choice by the female have ever been 
observed, for even so earnest an observer as Darwin himself, who 
had every reason to record the greatest possible number, failed 
to note more than eight cases among birds, and but half a dozen 
more, all doubtful, are mentioned in the literature from his day 
until 1907. 

Many of the so-called attractive characters of males have been 
found to be during life of such a nature that the females could not 
note them; as, for instance, the brilliant colors and curious horns 
of the male dung-beetle which are so obscured by filth that they 
cannot be used for display, while in melodious or luminous insects 
like the crickets or fireflies, nearness will make a relatively feeble 
song or light seem much finer than that of a distant but much more 
musical or brilliant insect. 
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That dances and serenades do occur during the breeding season 
is well known, but they may be for the purpose of excitation of the 
usually passive female and may not imply the necessity of any dis- 
criminating choice upon her part among a number of males. That 
rivalry would be developed among the dancers or singers is only 
natural and may or may not lead to further perfection of the art. 

Experimental Evidence. — There is as yet comparatively little 
evidence based upon actual experiment, but such as we have is 
strongly opposed to the sexual selection theory. In this connection 
the experiments of Mayer are of remarkable interest. He worked 
with the giant silk- worm moth Callosamia promethean in which there 
is decided sexual distinction in color and pattern. The females have 
a reddish brown ground color, while the males are blackish, and the 
ornamentation in the two sexes is distinctly different. If there is 
any moth species in which the colors and general pattern of the 
male ought to be readily obvious to the female, and in which sexual 
selection might be presumed to have been the influence in produc- 
ing a pronounced male type of preferred pattern, it is this species. 
The experiments were varied, but it was found that sight had 
nothing to do either with the finding of the female or choice of 
mate, for reversal of wings — male on female or female on male — 
or any other disguising of the sexes made no difference whatever 
in the mating. The assembling power, as we have already noted, 
was resident in the antennae of the males. 

From the experiments it is concluded that the mating instinct 
on the part of these two insects is a phenomenon of chemotaxis 
(Lat. chemicuSn chemic, and Gr. rct^cs, arrangement), as sexual 
selection on the ground of color alone does not affect it, and there 
is no associative memory connected with it. 

Alternative Explanations. — It will be seen from the foregoing 
that the Darwinian factor of sexual selection rests upon very 
meager evidence, the great majority of secondary sex characters 
being explicable by natural selection, and on the other hand even 
where natural selection cannot be invoked, sexual selection does 
not stand the test of experiment. Some alternative explanation 
becoming necessary, the following have been offered: 

First, that the secondary sexual characters are produced as the 
result of the immediate stimulus (naturally different) of the sex- 
ually differing primary reproductive organs, this stimulus being 
usually considered to result from an interna) secretion of the 
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genital organs acting on certain tissues of the organism ; and second, 
that the males in most species possess an excess of energy which 
manifests itself in extra-growths, extra-development of pigment, 
plumage, etc., and that displays by the males of special movements, 
sound-makings, etc., are direct effects or manifestations of sexual 
excitation ’ ^ (Kellogg) . 

In explanation of the first of these alternative theories it should 
be remembered that there are within the body numerous glands, 
some of which, like the salivary glands, liver or pancreas, have 
ducts connected with them, and these ducts bear away a definite 
secretion which, like the saliva, pancreatic juice, and bile, has a 
particular and well known function. In addition there is the group 
of so-called ductless or endocrine glands, such as the spleen, the 
thymus and thyroid bodies, and the suprarenal capsules. These 
are sometimes of considerable size and very constant in a large 
number of vertebrated animals; hence their importance is manifest, 
but is not in every instance clearly understood. They seem, how- 
ever, to have a very vital regulating function of one sort or another 
and their serious derangement is always followed by or concomitant 
with disease. The reproductive glands, especially those of the male, 
are often large, seemingly unnecessarily so if procreation is their 
only function. Ductless glands known as interstitial have been 
demonstrated in connection with the 'testes or ovaries as the case 
may be, so that, in addition to the normal secretion of sperms 
and ova, there is poured into the blood stream an ^ internal secre- 
tion^^ consisting of the chemical messengers or hormones, which 
are known to control or stimulate the development of certain 
secondary sex characters, such as antlers, mane, or beard. Cas- 
tration which removes the sex glands prevents the appearance 
of these characters; on the other hand, the injection of male 
hormones into a castrated animal restores its secondary sex 
deficiencies. 

Steinach^s experiments in which he reversed the reproductive 
organs in the two sexes of guinea pigs gave rise to amazing results, 
as the male then developed female traits, both physical and physio- 
logical, and vice versa, although they were unable to produce 
young. (Parker). 

The excess of vigor in the male is due to the vastly greater task 
which the female has of providing nourishment for the offspring, 
either in the form of yolk in bird or reptile, or of interuterine nour- 
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ishment and milk in the mammal. With approximately equal 
vitality to begin with, the drain upon the female would lead to 
relative excess of energy on the part of the male which could man- 
itest itself in the development of the male characteristics. As we 
shall see in a later chapter (Chapter XXIII), cave animals are 
characterized by depauperation, lessening of stature due to starva- 
tion. Excess of energy is inconceivable on the part of a cave 
salamander or fish and therefore could not give rise to exuberant 
growths. This may answer Eigenmann^s argument (see page 138), 
at least in part. In order that the duty of procreation may not be 
shirked, it is necessary for the male to have increased activity and 
sexual instinct in proportion as the female is passive, which would 
account for the greater sexual excitation on his part. 

A final explanation for secondary sex distinction is that of 
Emery, who believes that ^^many cases of secondary sexual differ- 
ences are explained by the sudden appearance (mutation) of an- 
other form of male or female, the persistence for a while of the two 
forms side by side, as now exists in numerous dimorphic species (es- 
pecially among insects), and then the gradual dying out (killing out 
by natural selection) of one of the two old original forms (the one 
like the other sex), thus leaving the other, or aberrant form^^ 
(Kellogg). This explanation is also offered to account for the 
development of mimicry among butterflies and will be further dis- 
cussed under that head (see page 213). Kellogg seems to think that 
as an explanation for the development of sex characteristics it is 
rather far-fetched, but in the promethea moth which we have 
discussed the larger and more brilliantly colored individual is the 
female, which makes it difficult to apply the excess of male vigor 
theory, to say the least. 

Morgan in his Evolution and Adaptation enumerates no fewer 
than twenty objections to the theory of sexual selection. lie says 
by way of summary : 

“Darwin^s theory served to draw attention to a large number 
of the most interesting differences between the sexes, and, even 
if it prove to be a fiction, it has done much good in bringing before 
us an array of important facts in regard to the differences in 
secondary sexual characters.^^ 

Morgan does not think it has done more than this for the theory 
meets with fatal objections at every turn. 
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CHAPTER XI 


INHERITANCE OF ACQUIRED MODIFICATIONS 

Lamarck’s Laws. — Buffon, Erasmus Darwin, and Lamarck, as 
we saw in the first chapter, all developed evolutionary theories 
which had one thing in common, the inheritance by offspring of 
the modifications impressed upon the parent during its lifetime. 
Buff on believed that these modifications were the result of the 
direct action of environmental influences; Erasmus Darwin that 
they sprang from within through the reaction of the organism to 
outside conditions, applying his theory to both animals and plants; 
while Lamarck’s belief was a compromise, setting forth views 
comparable to those of Erasmus Darwin as applied to animals and 
of Buff on with reference to plants. Lamarck’s theory of evolution 
may be stated as follows: 

1. The internal forces of life tend to increase the size of an 
organism, not only as a whole, but in every part as well. 

2. Each organ or part is the outcome of a new movement which 
in turn is initiated by a new and continuous need or want. 

3. The development of an organ is in direct proportion to its 
employmeiit. Continued use strengthens the organ little by 
little until its full development is attained, while disuse has the 
opposite effect, the organ diminishing until it finally disappears. 

4. All that has been acquired by an individual organism during 
its lifetime is transmitted by heredity to its offspring. 

Neo-Lamarckian School. — Lamarck’s second and third laws 
especially have a great deal of truth in them, but the crucial point 
in their acceptance as evolutionary factors is the truth or falsity 
of his last premise and herein lies the apparent impediment to the 
acceptance of his teaching, for the whole fabric of his theory de- 
pends upon it, and as we have seen, the Weismann law of heredity 
seems to controvert it beyond question. Nevertheless there has 
sprung up a group of writers who are in a measure the followers 
of Lamarck and to whom the name Neo-Lamarckian, as opposed 
to the Neo-Darwinian school (followers of Charles Darwin, 
championed by Weismann), has been given. Among the adherents 
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to the former may be found many pathologists (students of morbid 
anatomy), whose researches show the wonderful plasticity of the 
individual body, and the paleontologists, who see continually 
before them evidences of adaptation which seem to imply the 
action of mechanical forces (kinetogenesis) in their production, but 
few if any pathologists or paleontologists now believe in the in- 
heritance of acquired characters. 

Among the better-known followers of this school may be men- 
tioned Herbert Spencer, the German savants Eimer and Haeckel, 
the botanist Naegeli, the American paleontologists Cope, Hyatt, 
and Dali, the zoologist Packard, and the student of recent verte- 
brates Gadow, many of whom, however, did their work before 
Weismann^s objection was published. What the effect of the 
latter upon their beliefs would have been, one can not say, but it 
would doubtless have been weighed very heavily by most of them. 
Weismann’s theory of heredity admitted the possibility of the 
inheritance of acquired modifications among the Protozoa, lower 
Metazoa and lower plants, but not among the higher plants and 
animals; as Osborn (1891) says, however, it is difficult to see why 
so valuable an asset as the ability to inherit such characteristics 
and thus to profit by the failures and successes of past generations 
should ever have been lost through natural selection. 

Weisrnann later admitted, and the view has wide acceptance, 
;rtiat the germ-plasm might become modified to a limited extent 
by certain environmental conditions, but that such modifications 
led to general and unpredictable changes in future generations 
which might be entirely different from those somatic changes in 
the parents which were directly produced by such environment. 

Acquired Modifications 

Acquired modifications are of such interest that it is well to enu- 
merate the various sorts in some detail. 

Restriction of Size. — Food supply profoundly affects the ulti- 
mate growth of an animal, A number of house-flies of the same 
species will be seen to differ materially in size around a certain 
average. This does not mean that the smaller ones are younger 
than the larger, for an adult insect when once it has attained the 
power of flight has ceased to grow. What it does mean is that the 
small fly, unless it belong to a different variety, was unable to 
secure sufficient food during its period of larval life, resulting in a 
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permanent dwarfing of the individual. Nothing is recorded, how- 
ever, of any permanent effect of such dwarfing upon the race, 
while silk-worms, if meagerly fed for one generation, fail to attain 
the full optimum of size as adults for three generations, even 
though the larvae are amply fed. With the succeeding generations, 
however, the moths become larger and soon attain their normal 
size. These temporary dwarfings are called inductions. 

Permanent dwarfing is known to occur, as in the case of the 
dogs owned by the Indians around the Hudson Bay trading posts, 
which have been in their possession about forty years and are 
now much smaller than better fed dogs belonging to the same 
original stock, but owned by the white men of the posts. Other 
instances of permanent dwarfing are seen in the Shetland ponies, 
of which the average height is about 10 hands, though many do 
not exceed 9 hands. Whence the ancestral stock of these ponies 
reached the Shetlands is unknown, some writers suggesting* a 
Scandinavian, others a Scottish origin, but some of them are cart- 
horse-like in build, others more slender and Arab-like. Whatever 
their origin, they are unquestionably derived from a much larger 
stock, and the diminution of size is apparently a direct response to 
circumscribed surroundings together with hard conditions and 
meager fare. 

In the islands of Malta and Cyprus have been found dwarf races 
of elephants, the adult individuals ranging in height from three 
to seven feet, relics of the old armies of migration when these 
Mediterranean islands were part of a broad highway of communica- 
tion between Africa and Europe. And here again the same causes 
which have dwarfed the Shetland ponies seem to have had their 
influence, for the small size and innumerable variations of these 
elephants are ascribed to the struggle for existence that such a 
reduced and unfavorable feeding ground would entail. These 
dwarf elephants are now entirely extinct, but seem to have been 
of the same stock as the African elephants of to-day, which in the 
fullness of their growth possess a stature second to no living ter- 
restrial form. 

The effect of these restrictions of food is in the nature of trans- 
mission of the maternal condition rather than true heredity, and 
doubtless for many generations the dwarfing was simply the result 
of ontogenetic repetition and meant nothing more; ultimately, how- 
ever, the repeated starving seems to have made itself felt in hered- 
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ity, with the result of a permanently dwarfed race (see, however, 
page 145). 

Mutilations have been one of the principal lines of research of 
those who would prove the inheritance or non- inheritance of ac- 
quired characters. Even when practiced for many generations 
or even for thousands of years (circumcision in man) these ap- 
parently fail to influence the unmutilated progeny in the slightest 
degree. Weismann, for instance, experimented on white mice, 
producing no fewer than 901 young from five successive generations 
of artificially mutilated parents, and yet there was not a single 
example of a vestigial tail or any other abnormality in this organ. 

Hence we may safely say that variations due to mutilation and 
to disease are not inherited, otherwise in all probability none of us 
would exist without some trace of hereditary crippling. Of the 
effect of climate, on the other hand, we are not so sure, for many 
of the observed changes which an animal undergoes as a result of the 
influence of cold or heat or humidity or dryness may be of an 
ontogenetic nature. 

Effects of Cave-Dwelling. — The strange modifications of cave- 
dwelling animals, which will be discussed in detail in Chapter 
XXIII, are the direct result, first, of lack of light in the loss of 
pigment and of organs of vision, and, second, of scarcity of food 
which gives rise to depauperated bodies and attenuated limbs. 
Certain organs, such as tactile or gustatory structures, have hyper- 
trophied as those of sight have diminished, and while natural selec- 
tion may be invoked to account for these well-developed structures, 
it cannot account for the atrophy of the others nor for the depau- 
peration. Panmixia (see page 103) might 'permit these changes, 
but is of questionable value as a cause. Both of the principal 
American students of cave faunas, Packard and Eigenmann, feel 
the necessity of some other factor than the Darwinian, and Packard 
has expressed himself as follows with regard to the causes of pro- 
duction of cave faunae : 

1. ^‘Change in environment from light, even partial, to twilight 
or total darkness, and involving diminution of food, and com- 
pensation for the loss of certain organs by the hypertrophy of 
others. 

2. Disuse of certain organs. 

3. Adaptation, enabling the more plastic forms to survive and 
perpetuate their stock. 
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4. “Isolation, preventing intercrossing with out-of-door forms, 
thus insuring the permanency of the new varieties, species, or genera 

5. “Heredity, operating to secure for the future the permanence 
of the newly originated forms as long as the physical conditions 
remain the same. 

“Natural selection, perhaps, expresses the total result of the 
working of these five factors, rather than being an efficient cause 
in itself ; or at least constitutes the last term in a series of causes. 
Hence Lamarckianism in a modern form, or, as we have termed it, 
Neo-Lamarckianisni, seems to us to be nearer the truth than 
Darwinism proper or natural selection.^’ 

Inheritance of Instinct. — Instinct has been defined as “the 
natural unreasoning impulse by which an animal is guided to the 
performance of any action, without thought of improvement in 
the method’^ (Webster). It usually implies an action based upon 
inherited knowledge, but, judging from experimentation upon 
living animals, that knowledge is the result of trial and error upon 
the part of individuals which ultimately becomes part of the 
heritage of the race. 

Birds are particularly interesting in this regard, for they possess 
so many instinctive traits, not only of food-getting and defense, 
but nest-building, migration, learning to fly in the mode character- 
istic of the species, and song. Many of these things have been 
attributed to actual instruction on the part of the parents or, in 
the case of the nest-building, to a recollection of the natal structure, 
but William Beebe tried the interesting experiment of raising a 
number of wild birds from incubated eggs. These, while never 
having had parental care or example, nevertlieless manifested in 
each instance all of the instinctive actions of their race, although, 
as Beebe sa}^, they were in some cases slower than they should 
have been about learning to fly, the maternal insistence being an 
aid in overcoming a very natural timidity on the part of the 
fledgelings. 

So many of the curious manners and customs of domestic dogs, 
such as turning around three times to stamp out a lair, are doubt- 
less relics of formerly valuable instinct, of little present worth to 
the house-dwelling associate of mankind, but perpetuated by 
heredity. 

Ontogenetic Variations. — It is often a matter of great difficulty 
to determine whether characteristics shown by an animal are those 
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of the race (phylogenetic) or those of the individual (ontogenetic), 
even though observed in a number of successive generations where 
the life conditions remain the same. An interesting example is 



the brine-shrimp 
(Artemia salina) 
which has a wide- 
spread distribution 
from Great Salt 
Lake, Utah, to 
Central Asia. This 
creature is remark- 
able in several 
ways, as it can live 
in a 27 per cent 
brine solution on 
the one hand or in 


fresh water on the 
other. In some 
places the colonies 
seem to be alto- 
gether female, and 
parthenogenesis is 
thfe rule, the eggs 
developing without 
being fertilized. In 
other localities 
males are common 
and reproduction is 
biparental. Some- 
Fia. 20. — Stickleback fishes, catop/imc- times the brine- 

iuSf showing ontogenetic variation of plates and shrimp is vivipa- 
spines as a response to varying salt content of the . ^ 

water. Uppermost figure collected in salt water, the 

next in brackish water, the third at a river mouth, and hatching within the 
the fourth in fresh water. ( From Jordan and Kellogg’s brood-sac of the 

Evolution and Animal Life. [D. Appleton and Co.]) , i i 

mother, and again 

it is variable in its form, especially as regards the end-lobes of the 
tail and the bristles they bear: all of which features seem to be cor- 
related with the chemical diversity of the various habitats within 
which it is found (Thomson). The eggs can survive being dried and 
may be blown about by the wind or carried by the feet of birds 
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from one salt pond to another. They have also been bred from an 
English commercial product known as “Tidman’s Sea Salt/’ of 
which a solution was allowed to stand for several days. A fresh- 
water ally, BranchipuSj is said to be merely another phase of 
Arte^niay the distinctions, as in most of the peculiarities of the 
latter genus which have been described, being largely due to the 
degree of salinity of the medium. If this be true, most of these 
variations are ontogenetic, as the transference of eggs to other 
conditions than those under which the parents lived would at 
once give rise to a variant from the parental type. 

Experiments by Loeb upon the unfertilized eggs of sea-urchins 
have shown that artificial parthenogenesis can be caused to occur 
by chemical stimulus, either by adding or suppressing certain salts 
in normal sea-water, which is suggestive of the parthenogenetic 
conditions of certain colonies of Artemia mentioned above. Owing 
to the brine-shrimps’ method of dispersal and the fact that salt 
ponds are often isolated and of various degrees of salinity, the 
change of habitat is apt to be an abrupt one which renders in- 
dividual adaptability a highly necessary asset. 

The little fishes known as sticklebacks (Gasterosteus cataphractus^ 
Fig. 20), which have such curious nest-building habits, also show 
an ontogenetic variation dependent upon the chemical content of 
the water. Those living in salt water have from twenty to thirty 
bony plates along the back, in brackish water these are reduced to 
from fifteen to three, while in fresh water there are none at all. 

As we have seen, it is often difficult to say whether the adaptive 
characters which are so often taken as criteria of species are racial 
or individual; if the latter, even though we may not know it, the 
form is an ontogenetic and not a genuine species, and it is highly 
probable that many of the observed instances of what was taken 
to be inheritance of acquired characters are not such in the true 
i^ense of the word but are simply due to the repetition of cause and 
effect in each individual generation. There is apparently an hered- 
ity control, however, for the adaptation to a change of habitat is 
not at random but always according to a definite plan, and gives 
rise to a predictable result. 


Summary 

To summarize what has been said: Lamarckism, even if true, 
would be incomplete in itself as an all-embracing cause of evolu- 
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tion, foi while there are certain characters which it could well 
explain, there are others which it could not. 

Lamarckism, therefore, is certainly not all-sufficient to account 
for the origin of new species, even if it were proved to be true; nor 
/for that matter is natural selection. The latter seems, however, 
to be a factor of prime importance, as there is no impediment to 
prevent its impression upon the race as well as upon the individual. 
That acquired modifications influence more or less profoundly the 
development of every being is certainly true, and in many instances 
repetition of acquired effects, generation after generation, gives 
rise to ontogenetic species which may indeed simulate the phylo- 
genetic. For these characters to become racial, ho-wever, implies 
an inheritance the means whereof we know not, in view of Weis- 
mann\s brilliant but disquieting law of heredity. Until the univer- 
sal application of this law shall have been refuted or a new 
mechanism of inheritance discovered, the Lamarckian factor as a 
means of evolution must be considered as unproved, there being 
no positive evidence in favor of it, but much that is negative 
against it. As Julian Huxley says: Lamarckism is self-contradic- 
tory, since it maintains that ‘ a past of indefinite duration is power- 
less to control the present, while the brief history of the present 
can readily control the future.^ — Ray Lankester. 
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CHAPTER XII 


ORTHOGENESIS AND KINETOGENESIS 

Of the several hypotheses to account for the origin of species 
which are opposed or supplemental to the Darwinian factor of 
natural selection, two stand out sharply as of great importance, if 
they are finally found to be true. This proof can only be estab- 
lished by impartially conducted observations and experiments ex- 
tending through years to come. At present the mass of evidence 
which can be offered in favor of each is to some extent nullified by 
other well-attested facts, and so the matter stands sub judice. Of 
these hypotheses that of orthogenesis stands first, although it is 
not an explanation of evolution but a statement of possible fact. 

Orthogenesis 

Orthogenesis (Gr. *opd6s, straight, and yeveais, production) is 
the assumption that variations and hence evolutionary change 
occur along certain definite lines impelled by laws of which we 
know not the cause. Thomson says of it: ^^We must be on our 
guard, however, against the possible fallacy of concluding from the 
apparent orthogenesis in fossilized and surviving stages that there 
was no zigzagness and pruning in the process. Types may have 
had their waywardness gradually sifted out of them.^^ 

Orthogenesis has been proposed in explanation of several phe- 
nomena for which natural selection seemingly cannot account, 
such as : , 

1. The beginnings of advantageous modifications by the selection 
of individual variations occurring in every direction of change, for 
it is evident that unless ft character appeared at once in a degree 
of development to give it selection value it would be difficult to 
account for its beginning. But the teaching of the Neo-Dar- 
winians postulates the selection of minute random variations as 
well as such saltations as the idea just stated would imply. 

2. Disadvantageous structures or degrees of development, such 
as structures which have apparently evolved along fixed and seem- 
ingly not advantageous lines, and the development of parts beyond 
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the point of greatest usefulness, even so far as to lead to individual 
death or racial extinction. Paleontology reveals to us repeated 
instances of the evolution of characters which lead on to extinction, 
such as the huge, unwieldy size of the sauropod dinosaurs; the 
growth of excrescences, observed in the armored and horned dino- 
saurs, and, later in time, in the Irish deer {Cervus megaceros ) ; the 
uncoiling of the shell-bearing cephalopods (ammonites and nau- 
tilids) : all of which are examples of development along disadvan- 
tageous lines or to disadvantageous degrees. When these are 
observed in a race a wholesale thinning of the ranks, if not final 
extinction, may be confidently predicted. Natural selection im- 
plies racial improvement, and the development of advantageous, 
not detrimental, structures; hence the theory of orthogenesis has 
been proposed to account for the latter as well as the former. 

3. Degeneracy and the loss of structures. As we have vseen, the 
reversal of natural selection would account for the elimination of 
a character formerly useful but which, in altered circumstances, 
has become a positive menace to survival. On the other hand, if 
the structure becomes merely valueless, cessation of selection 
would account for its diminution but not for its utter elimina- 
tion. Orthogenesis has been offered as a supplementary ex- 
planation here. 

Explanations of Orthogenesis 

The two principal explanations of orthogenesis, those of Naegeli 
and Eimer, have been stated by Newman: 

“Carl von Naegeli’s ideas . . . involve a belief in a sort of mys- 
tical principle of progressive development, a something, quite in- 
tangible, that exists in organic nature, which causes each organism 
to strive for or at least make for specialization or perfect adapta- 
tion. . . . Naegeli believed that animals and plants would develop 
essentially as they have without any struggle for existence or 
natural selection. Hence this form of the orthogenes^^ theory 
is . . . alternative to natural selection.^^ 

Theodore Eimer^s explanation is more scientific and less mys- 
tical than Naegeli’s. ‘^He believed that lines of evolution were not 
miscellaneous and haphazard but were confined to a few definite 
directions, determined at their initial stages not by natural selec- 
tion but by the laws of organic growth, aided by the inheritance of 
acquired characters. A new character makes its beginning as 
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would the first step in a slow chemical change, or series of such 
changes, and it must go through to a fixed end, under given con- 
ditions, just as surely as does the chemical process. Only when a 
given character or line of evolution results in the production of a 
very positive advantage or disadvantage to the species does natural 
selection step in to interfere with orthogenesis. The causes of 
orthogenesis are said ^to be in the effects of external influences, 
climate, nutrition or the given constitution of an organism/ 
Natural selection is therefore subordinate but not dismissed.'^ 

Orthogenesis Contrasted with Ortho-Selection. — At first sight 
there seems to be no real distinction between orthogenesis and 
descent controlled by selection, as the latter must also lead to 
evolution along certain definite lines; in fact, it can produce no 
other kind of evolution. Where modification is the result of the 
elimination, through the selective struggle, of all other lines of 
variation, it may be called ortho-selection. In orthogenesis, how- 
ever, the lines of variation are presumed to be predetermined; 
hence the resultant lines of evolution are also. 

Positive Evidences for Orthogenesis 

1. Parallelisms. — Analogous or parallel variations are of fre- 
quent observation. They are the modifications of similar charac- 
ter which appear in different branches of the same large group 
or in unrelated groups, although in the latter case they are often 
called convergences. Comparative anatomy has revealed many 
examples to show that modifications in a definite or determinate 
direction may be seen in all the sub-groups of a large family, al- 
though appearing in var 3 dng degree in different species. Examples 
are the total reduction of the side toes among the artiodactyls 
which has occurred in several unrelated genera, such as the 
giraffe, camel, and prong-buck (Antilocapra) . A still more re- 
markable itistance would be the parallelism which existed between 
the pvseudo-horses of South America and the true horses of the 
northern hemisphere, both lines showing a three- and finally a 
one-toed condition owing to the progressive shortening of the 
lateral digits and proportional strengthening of the middle one 
(see Fig. 21). In this instance the relationship is quite remote, 
although both races belong to the ungulate group. 

2. Over-specializations are the numerous excessive structures'^ 
which are developed far beyond the limits of usefulness. Such, for 
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example, are the tusks of the wild hog (Babirussa alfurus), the 
huge horns of the '‘big horn'^ sheep, or the enormously elongated 
and slender neck of several weevil- or snout-beetles like Apoderus 

tenuissimus. One of the dolphins, 
Mesoplodoriy has a mouth which 
can be opened but a little way 
when the animal is full grown, be- 
cause a lower tooth grows around 
the upper jaw on either side. Such 
excessive structures, which have 
probably contributed to the extinc- 
tion of many former species, include 
among others the tusks of the Jef- 
ferson mammoth and the antlers of 
the Irish deer. 

3. Constitutional Limitations on 
Variation. — The constitution, or ac- 
tual chemical composition of the 
body, permits, as a rule, changes 
only in a few directions. The 
breeder of animals or plants may 
not always produce any desired 
form or color. "No one has yet suc- 
ceeded in producing a blue Mai-- 
hlumej a grass with divided leaves, 
a hen with a parrot^s beak.^^ And 
we can be confident that a noto- 
chord can never appear in a beetle. 
The fact that an animal belongs to 
a given group renders the possibili- 
ties of variation distinctly, some- 

Fig. 21. Hind feet of pseudo- times very narrowly, liftiited. "In 
horses. A, three-toed Diadiavhorus, . .. i i 

this connection it should be men- 






tioned that some biologists have 


Miocene of South America; B, 
one- toed Thoatherium, Miocene of 
South America. One-half natural ^00^ jn this restriction of the range 
size. (After Matthew.) « ... i,- u • -j. n 

of variation which inevitably ac- 
companies specialization an important factor in the determina- 
tion of lines of descent. 

4. The correlations which bind each organ to others also re- 
strict the range of variation. 
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5. Facts from Paleontology Supporting Orthogenesis. —Many 
facts of paleontology seem to prove the existence of orthogenetic 
evolution. Wherever sufficient material permits the working out 
of a phyletic series, we always see a comparatively limited num- 
ber of lines of development, which, except for occasional lateral 
branches, run essentially in straight lines, in gradational steps. 
Such for example are seen in the fossil horses (see Chap. 
XXXVI). 

The cusps of teeth in the mammals afford interesting instances 
of orthogenesis, as they emerge complete and do not depend upon 
use for their production; in fact, use destroys rather than per- 
fects them, yet they appear independently but always in an adap- 
tive position in many orders of mammals. From observing the 
initial trend the ultimate tooth pattern may be often accurately 
predicted. 

Osborn’s exhaustive study of the titanotheres, a group of huge 
Tertiary perissodactyls, has led to many important generalizations. 
He says; 

Every known step of this transformation [of the titanotheres] is deter- 
minate and definite, every additional character which has been observed 
arises according to a fixed law and not according to any principle of chance. 

‘4n eleven principal branches which radiate from the earliest known 
forms (Eotitanops gregoryi) of this family, exactly similar new characters 
arise quite independently at different periods of geologic time which are 
separated by lapses of tens of thousands of years. 

In certain branches the horns appear thousands of years later than in 
others and after their appearance may exhibit a singular inertia, or lack of 
momentum, over a long period of time. Every character has its own rate 
of velocity both in individual development and in racial development 
[evolution].” 

“The phyletic series ... of recent species also show, where we are able 
to trace them, distinctive single lines of development” (Kellogg). 

* Kinetogenesis 

Cope’s theory of kinetogenesis or ^‘mechanical genesis” has been 
accepted so widely, especially by paleontologists and pathologists, 
that it should be studied in some detail, with the vital objections 
which have been raised against it. 

The word kinetogenesis (Gr. Kivy^rds, movable, and yipeaiSj 
production) is thus defined: “The doctrine or hypothesis that 
animal structures have been produced directly or indirectly, by 
animal movements.” Cope’s arguments, especially as applied to 
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the vertebrates, are based upon the following: The vertebrates 
present two distinct advantages. First, we have a more complete 
paleontologic series. Second, we have the best opportunity for 
observation and experiment on their growth processes, since we 
ourselves and our companions of the domesticated animals belong 
to this branch of the animal kingdom. 

Mechanics of the Vertebrate Skeleton 

Abnormal Articulations. — Many of the data for experimental 
work are found in the records of surgery, and from this source 
inferences have been drawn as to the construction of normal ar- 
ticulations. Experiments have shown that in the case of unre- 
duced dislocations or permanently bent joints certain predictable 
changes will always occur. That portion of the articular cartilage 
which fails to meet its fellow either throughout because of a 
limitation of its movement, or through dislocation so that it 
only comes in contact with the soft parts, is permanently destroyed 
and, under certain conditions, a new articulation may be formed 
where a permanent displacement of the joint has occurred. 

The great plasticity of bone was the basis for the wonderful 
bloodless operation for the reduction of congenital hip dislocation 
invented by the famous Viennese surgeon. Doctor Lorenz, and 
demonstrated in America some years ago. In this operation, the 
dislocated thigh-bone itself was made the instrument, pulled from 
the abnormal socket which had been formed, and the head, being 
placed in the partially occluded normal socket, was forcibly ground 
into it. This always results in the destruction of bony tissue in 
the motionless bone. The femur was then bound firmly in place 
until, through the resorption of unnecessary material and the re- 
building of bone where it was needed, the socket was restored to 
its original form, and then induced movement and massaging com- 
pleted the cure. The operation was successful in a high percentage 
of cases where performed upon children of tender years. 

Even the pressure of soft parts can cause the absorption of bone, 
as shown by the interior cavity of the skull, which in many in- 
stances retains a faithful impression, not only of the general pro- 
portions of the brain, but even of its convolutions and of the blood- 
vessels in its membranous coverings. 

Normal Articulations. — Cope uses for illustration particularly 
the strong complex ankle-joint of the ruminating animals (ox, 
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deer, camel, etc.) and the horse, in which the motion, while wide 
in its fore-and-aft range, is restricted to one plane of space, result- 
ing in a treble tongue-and-groove joint which resists dislocation 
although it may be broken by force (see Fig. 46). The articula- 
tion lies between the upper bone of the ankle, the astragalus, and 
the shin-bone or tibia, the former, which is convex antero-pos- 
teriorly, having two keels which fit into corresponding grooves in 
the concave end of the latter. The lower end of the tibia pos- 
sesses a single keel which corresponds to a groove between 
the two astragalar keels. The formation of this joint has been 
thus explained: 

all bones the external walls are composed of dense material, while 
the centers are spongy and comparatively soft. The first bone of the foot 
(astragalus) is narrower, from side to side, than the tibia which rests upon 
it (see Fig. 46). Hence the edges of the dense side- walls of the astragalus 
fall within the edges of the dense side-walls of the tibia, and they have 
pressed into the more yielding material that forms the end of the bone, 
and causing bone absorption, pushed it upward, thus allowing the side- 
walls of the tibia to embrace the side-walls of the astragalus. . . . 

^‘The same active cause that produced the two grooves of the lower end 
of the leg produced the groove of the middle of the upper end of the astrag- 
alus. Here we have the yielding lower end of the tibia resting on the 
equally spongy material of the middle of the astragalus. There is here no 
question of the hard material cutting into soft, but simply the result of 
continuous concussion. The consequence of concussion would be to cause 
the yielding faces of the bones to bend downward in the direction of grav- 
ity, or to remain in their primitive position while the edges of the astrag- 
alus were pushed into the tibia. If they were flat at first they would begin 
to hollow downward, and a tongue above and a groove below would be the 
result. . . . This inclusion of the astragalus in the tibia does not occur in 
the reptiles, but appears first in the Mammalia, which descended from 
them. . . . Every line of Mammalia commenced with types with an 
astragalus which is flat in the transverse direction, or without median 
groove. From early Tertiary times to the present day, we can trace the 
gradual development of this groove in all the lines which have acquired 
it. The upper surface became at first a little concave; the concavity grad- 
ually became deeper, and finally formed a well marked groove’^ (Cope). 

The history of the wrist joint is similar, and in many instances 
the articulation between the bones of the palm (metacarpals) and 
sole (metatarsals) with their respective digits as well. This is 
especially true of forms which, like the speedier ungulates, have 
elevated the heel and wrist off the ground and walk upon the modi- 
fied claws, the hoofs. Where the foot is supported by a yielding 
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pad, as in the camels, the keels at the ends of the metapodials 
are incompletely developed, as their purpose, where present, is 
to keep the toes from spreading, and a yielding foot is a necessary 
part of the desert adaptation which the camels so admirably il- 
lustrate (see Chapter XXXVII). 

Vertebral Column. — The vertebral column among vertebrates, 
especially among terrestrial types, is a marvel of mechanical de- 
sign. Aquatic adaptation relieves the backbone of the creature's 
weight, and hence the vertebrae tend to retain or re-acquire primi- 
tive simplicity of structure. The articulations of the vertebrae one 
with another are effected by the faces of the adjacent centra (see 
PL XI) or by the additional articular facets, borne on the neural 
arch, known f),s zygapophyses. The reptiles exhibit the greatest 
variety of articulations, except those of the zygapophyses which 
are fairly uniform, while in the mammals the modification of each 
group of articulations is equally striking. 

The forms which the articulations of the centra assume are four 
in number: first, the amphicoelous (Gr. djU(/)t, at both ends, and 
^oiXos, hollow, said of vertebrae in which both ends of the centrum 
are concave); the ball-and-socket, which may be procmlous (Gr. 
Tpd, before, concave in front) or opisthocielous (Gr. oTnoSep, be- 
hind, concave behind); the plane or amphiplatyan; and the 
saddle-shaped, in which the same face of a given vertebra is at once 
concave in one dimension and convex in the other. Of these 
various sorts the first is chiefly distinctive of fishes and certain 
Reptilia (ichthyosaurs), while among mammals it is imperfectly 
developed, being only a modification of the plane surface and 
usually occurring in comparatively few vertebrae. 

The ball-and-socket type is mainly found in the neck of long- 
necked reptiles (dinosaurs), in the crocodiles, and in the mammals, 
where it permits the maximum degree of flexibility. Those mam- 
mals (perissodactyls and artiodactyls) in which the ball-and-socket 
articulation is found in the neck also show it, although in reduced 
degree, in the vertebrae of the loin, while the thoracic vertebrae 
exhibit a tendency in the same direction. The saddle-shaped ar- 
ticulation, while characteristic of the neck vertebrae of birds, is 
present in the mammals only in certain genera of monkeys. The 
majority of Mammalia have plane articulations on all of the verte- 
brae. In those forms in which movement of the vertebrae upon one 
another has become impossible, the centra coossify or fuse together, 



ORTHOGENESIS AND KINETOGENESIS 


159 


as in the region known as the sacrum, where a variable number of 
vertebrae, depending upon the length of the ilia or hip-bones, unite 
to form a firm structure which is solidly articulated with the pelvic 
girdle. Among birds this coossification is apt to extend still 
further, in some instances including practically the entire trunk, 
while in the whales, the form of whose body renders any inde- 
pendent movement of the head impossible, the neck is much 
shortened and the vertebrae, especially in the whale-bone whales, 
unite into a solid mass of bone. 

There is, in all of this, abundant evidence of the effects of use 
and disuse, the ball-and-socket joints being developed where the 
greatest all-round flexibility is characteristic. This is therefore the 
prevailing type of articulation among Reptilia, the degree of its 
development being in direct proportion to the weakness of the 
limbs, for in the large and long-limbed terrestrial dinosaurs the 
articulations of the trunk and to a less extent of the tail vertebrae 
tend to become plane. In the mammals it is best developed in the 
most flexible regions, the neck and loin. The saddle-shaped ar- 
ticulation also permits considerable flexibility, but mainly in the 
vertical and horizontal planes. The fact is that in the ancestral 
whales the neck was considerably longer than in their modern 
descendants and had its centra distinct, the shortening and final 
coalescence of the centra arose with the gradually increasing powers 
of locomotion through the water, which would enable the creature 
to overtake and capture its prey without the necessity of using a 
long, darting neck to seize it in the pursuit. The contrast is strik- 
ingly illustrated by the whale-like ichthyosaurs among reptiles 
on the one hand and the plesiosaurs on the other (see Figs. 55, 58). 
In the former as in the whales the tail became the principal organ 
of locomotion with, in all probability, a corresponding increase of 
speed, whereas in the plesiosaurs the more laborious method of 
propulsion by the paddle-like limbs made the speed of the creature 
as a whole considerably less and necessitated a proportionately 
longer and more flexible neck analogous to that of the fish-eat- 
ing alligator snapping turtle {Macroclemrnys temmincki). Of this 
vicious beast Agassiz says: “It does not withdraw its head and 
limbs on the approach of danger, but resorts to more active defence. 
It raises itself upon the legs and tail, highest behind, opens the 
mouth widely, and throwing out the head quickly as far as the long 
neck will allow, snaps the jaws forcibly upon the assailant, at the 
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same time throwing the body forward so powerfully as often to 
come down to the ground when it has missed its object/^ 

The wonderful complication of the axial mechanism is shown in 
its highest perfection in certain of the dinosaurs, for never before 
nor since has nature produced such mighty animals unsupported 
by an external sustaining medium. In one of the most remarkable 
of these forms, DiplodocMs (see Chapter XXX), we have an animal 
of relatively short body borne on massive column-like limbs and 
with an extremely long neck and tail, the former of which was evi- 
dently a very mobile and self-sustaining organ, while the latter, 
though capable of considerable movement and self-support, prob- 
ably was either largely water-borne — for the creature was at least 
semi-aquatic in its habits — or may have dragged on the ground 
when the animal came ashore. The entire fabric of the vertebral 
column is a marvel of lightness and ingenuity of design. The great 
mobility of the neck is indicated by the highly developed (opis- 
thocoelous) ball-and-socket central articulations, but especially 
by the extreme lightness of the centra themselves, which are pierced 
by deep lateral cavities leaving a median dividing wall so thin as 
to be readily broken through. This mobility is also shown by the 
complexity of the indicated musculature, for the points of muscle 
attachment are well developed and numerous keels and buttresses 
running obliquely in both directions across the centra and neural 
arches show the lines of stress not of few massive muscles but of 
numerous smaller muscles and tendons. Moreover, the neural 
spines, which are usually single, are here deeply cleft from the third 
cervical back to the sixth dorsal, indicating the pairing of the great 
muscles which run along the mid-dorsal line of the neck and back, 
and the independent action of the two members of the pair. This of 
course is indicative of a wide lateral sweeping of the neck and head. 

In the dorsal region the faces of the centra flatten, indicating 
little flexibility unless the centra were separated by thick compres- 
sible pads of cartilage, a supposition which the articulation of the 
zygapophyses does not bear out. Here, except for the development 
of deep lateral cavities (pleurocoeles) in the centra, the vertebrae 
are relatively simple, indicating a similar simplicity of the muscula- 
ture. The sacrum is a massive structure consisting of three closely 
coalesced vertebrae united not only by their centra but by the 
neural arches and even the dorsal spines, and a fourth vertebra 
the spine of which is free, although the centrum is well coossified 
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with the others. This last vertebra is interpreted as a caudal which 
age and lack of mobility have caused to unite with the vertebrae in 
front. The sacrum is the fulcrum of the whole wonderful lever, 
and the coalesced spines afford a firm anchorage for the long mus- 
cles and tendons which run forward toward the neck and backward 
to the tail — the tension members of the fabric. The sacrum is very 
solidly fastened to the hip bones or ilia by massive processes which 
extend outward and backward and unite distally into a heavy 
roughened plate forming the abutment against which the ilium 
bears. The hip socket is large and thoroughly braced by this bony 
plate and the bone (peduncle) extends downward in front of the 
socket in such a way as to meet the thrust of the thigh in ordinary 
standing posture, in walking when the hind limb is used to urge 
the animal forward, and also if the creature reared on its hind 
legs, evidently a very feasible act when the body was partially 
water-borne. The obliquity of the transverse processes which has 
already been described is such as to meet this unusual strain. 

The tail lacked the great flexibility of the neck, but must have 
been capable of some lateral movement as well as a certain amount 
of elevation. The centra are again lightened but are by no means 
as complicated as are those of the neck. The transverse processes, 
especially on the anterior vertebrae, are widely expanded plates 
of bone, indicating powerfully developed lateral muscles. The 
tail must have had three uses: for swimming, somewhat as a 
serpent swims, a movement which requires a certain flexibility 
but does not perhaps necessitate the extreme range of the food- 
getting head and neck; for defense, for the only visible weapon of 
which the creature stood possessed was some ten feet of slender 
whiplash-like terminus to its tail, comparable to that seen in many 
modern lizards and serving as a very efficient flagellant for the 
punishment of would-be offenders against the owner’s person; and 
for temporary support when the animal reared the fore quarters 
aloft. That this last need may have occasionally arisen is still fur- 
ther attested by the occasional abnormal coalescence of two of the 
caudals as in the great specimen in the Carnegie Museum at 
Pittsburgh. These vertebrae, the estimated seventeenth and 
eighteenth, are at about the point where the tail would meet 
the ground in such a manoeuver. To gain a full appreciation of all 
this, it should be borne in mind that Diplodocus was one of the 
giants of geologic time, stretching its mighty length through a 
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span of eighty feet or more, of which some sixty-five lay without 
the pillar-like supports, and therefore, except for the resting of the 
tail upon the ground or the support given by the water when sub- 
merged, the neck or tail must each have been capable of being sus- 
tained by a single end. 

There is a wonderful freedom of design in the construction of 
the individual vertebrae comparable to that seen in Gothic archi- 
tecture, for not only is each vertebra different from its fellows but 
even the two sides of the same bone may be unlike. The whole 
structure of the Diplodocus skeleton is so perfect a response to the 
multitudinous stresses to which its various elements have been sub- 
jected that to one who can appreciate the design of a bridge or 
building or any other sustentative fabric the conclusion that it is 
the result of mechanical genesis is almost irresistible. 

Tendons which have the minute structure of bone are often 
preserved in dinosaurs, notably in the iguanodons of Europe 
and their American relatives, camptosaurs and hadrosaurs (Chap- 
ter XXXI), and here the lines of tension are beautifully indicated 
just as the keels and buttresses of the vertebrae give evidence of 
lines of compression. 

Limb Proportions. — Limb proportions also follow definite me- 
chanical laws which at first seem curiously contradictory, for both 
impact (compression force) and strain (extension force), while 
opposite in their action, have the same effect upon bone, that of 
causing it to elongate in the line of the stress. Transverse stress, 
on the other hand, would cause growth at right angles with the 
length of the bone. 

Speed adaptation generally results in the elongation of the two 
lower segments of fore and hind limb and the relative shortening 
of the upper, while relatively slow progression as in the elephant 
gives rise to a lengthened proximal segment, that nearest the body, 
the distal one remaining relatively short (see page 269). With 
the apes, such as the gibbon, in which most of the progress from 
branch to branch and from tree to tree is sustained by the arms, 
the latter are enormously elongated as compared with the legs, 
which are of relatively less use and are proportionately very short, 
so that when the ape stands with the body practically erect the 
knuckles still touch the ground (see PI. XXVII). A regular grada- 
tion has been shown by Huxley to exist between these extremes 
and that in terrestrial mankind, in which the legs are the longer, 
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the orang, chimpanzee and gorilla representing the intermediate 
stages in the order named, the last standing nearest to man. If 
man’s legs are longer than his arms as a result of their greater use, 
their growth stimulus was impact ^ whereas with the gibbon’s arms 
which are the longer the stimulus was a strain. The tree sloths 
(see Figs. 65, 66) also have greatly elongated proximal segments to 
the limbs, the hands and feet being reduced to curious structures 
terminating in immense hook-like claws. The huge Pleistocene 
ground sloths, on the contrary, although retaining enough arboreal 
characteristics to point to a partial tree-dwelling ancestry, had 
comparatively short and ponderous limbs, but the relative lengths 
of limb-segments were rcitained. (Sec PI. VI.) 

Archelon, the giant turtle from the Cretaceous of South Dakota, 
mounted in the Yale Peabody Museum, had suffered mutilation 
during life, for the right hind foot is missing and the condition of 
the lower leg bones, which lack their distal end, is pathologic. The 
most interesting feature, however, is the difference in size of the 
two thigh bones, that of the perfect left limb being materially 
larger than that of the crippled right, showing the result of the 
cessation of growth-stimulus with the loss of utility. But this is an 
ontogenetic instance and could not, so far as our knowledge goes, 
become evolutional; the other instances which rre constant and 
predictable are the result of evolutionary processes, whatever they 
may be. Cope and others have taken many other instances, such 
as the modification of form into radial symmetry for sedentary 
types and bilateral for the locomotor, the mechanics of the teeth, 
of muscular development, of the shells of invertebrates; but enough 
have been given to show that numerous modifications of animals 
conform with mechanical laws whether mechanics is the prime 
mover in their production or not. 

Objections to Kinetogenesis 

Several arguments have been offered by the opponents of this 
theory of which the most important are: First, the apparently 
illogical and self-contradictory assumption that stimuli of different 
kinds produce similar results, while stimuli of the same kind may 
produce different results. Experiment, however, has proved the 
truth of this apparently paradoxical statement, for the irritation 
of bone will produce either bone deposits or bone absorption ac- 
cording to the degree of irritation. Thus moderate stimulus, such 
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as the pressure and stretching mentioned above, may stimulate 
growth. Continued heavy pressure, on the other hand, causes 
bone absorption at the point of contact. 

A second objection which has been made to kinetogenesis is 
that if growth-stimulus exist, how can there be a limit to increase, 
so long as the stimulus of use prevails? This objection is met by 
the assumption that the stimulus is stress due to disharmony be- 
tween an organism and its environment, and that kinetogenesis 
is the result of the effort on the part of the organism to overcome 
this lack of harmony. When the organism is sufficiently adjusted 
to meet the requirements of the environment, equilibrium is at- 
tained, the stress is reduced to the point necessary for the main- 
tenance of the mechanism in working condition, and further growth 
ceases. In easy circumstances, where little or no exertion is neces- 
sary, there is not even sufficient stimulus to raise the mechanism 
to a state of efficiency, and the degeneracy of disuse results. 

Despite Copers arguments, this is one of the objections to his 
theory which is most emphasized by its opponents. It will at once 
be seen that even if the objections above are met, a third will yet 
remain, that of the acceptance of the Lamarckian factor of the 
inheritance of acquired or ontogenetic modifications, upon which 
the whole doctrine of kinetogenesis seems to depend for its inclu- 
sion among the potent factors of evolution. 

Osbornes Theory of Coincident Selection. — This objection 
Osborn has striven to avoid by his idea of ‘‘coincident selection,’^ 
which he states as follows: “Individual or acquired modifications 
in new circumstances are an important feature of the adult struc- 
ture of every animal. Some congenital variations may coincide 
with such modifications, others may not. The gradual selection 
of those which coincide (coincident variations) may constitute an 
apparent inheritance of acquired modifications.’^ 

Although these may occur they would hardly seem sufficient to 
account for the host of mechanical adaptations which exist. Many 
of these may be ontogenetic, recurring in successive generations 
through the influence on each individual of similar conditions with 
resultant similar adaptations. An illustration would be the tanning 
of the skin upon exposure to the sun in an otherwise fair individual. 
This would be repeated in each successive generation as an onto- 
genetic modification. Ultimately a germinal variation in the 
direction of greater swarthiness might occur. As this is a distinctly 
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advantageous variation in those exposed to the harmful rays of 
the sun, Natural Selection would at once intervene to perpetuate 
it. Thus the ontogenetic modification, while not in itself heritable, 
would serve as a safeguard until the germinal variation coinciding 
with it could be established. 
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PART III 

THE EVIDENCES OF EVOLUTION 




SECTION /. ONTOGENY 


CHAPTER XIII 

THE LIFE CYCLE 

The marvel of life is nowhere more wonderfully displayed than 
in the development of the individual plant or animal from its 
minute beginning; and the continuation of its life in offspring which 
in turn undergo their mortal span, handing on their life to other 
generations yet unborn, adds to the wonder. Man, through his 
intelligence, and as a result of his inventive research, has made 
many marvellous things, and some of his creations are little short 
of miraculous. Take, for example, the most intricate product of 
human manufacture, a battleship, into which thousands of tons of 
steel and other material have been fashioned, forming a fabric 
more complex, in its gross anatomy than any created being, of 
huge size and great speed, with armor to protect its vitals, and 
guns \Ahose projectiles leave their muzzles at a velocity which 
would, if continued, belt the globe in half a day, dealing death 
and destruction to others like itself beyond the limits of the horizon, 
capable of combating the elements, safe alike in calm or storm, 
and possessing, as every sailor knows, individual characteristics 
which seem almost animate. But this marvel is after all a mere 
mechanism, the product of human skill in design and fruition, and 
between it and the simplest of nature’s children there is a great 
gulf fixed which human intelligence will never bridge. For or- 
ganisms possess the powers of self repair and procreation and can 
hand on their life and characteristics to their children, while the 
mechanism will sooner or later reach the end of its being and noth- 
ing will be left of it but a pile of wreckage and a memory. 

The Life Cycle 

Several distinct stages are recognized in the career of any or- 
ganism, certain of which constitute the life cycle. They are, briefly 
enumerated, the egg, embryo, adolescent, and adult, which in 
turn gives rise to the egg of a future generation. An additional 
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stage, not always included, is the senile, or that of old age, and the 
life of the individual is terminated by death, which, however, al- 
though a perfectly normal phenomenon, is not necessarily part of 
the life cycle and may occur at any stage of the organism’s career. 
If death occurs before procreation is accomplished, the normal 
life cycle is not complete, for, as the name cycle implies, the full se- 
quence of events is from egg to egg, or if the individual be a male, 
from egg to sperm. 

Egg . — The egg, germ, or spore, is the initial stage in the ontogeny 
of any organism unless it be asexiially produced, and perhaps the 
greatest marvel of the organic world is the minuteness of this 
starting point, for while an ovum the size of a pin-head is a large 
one, many are microscopic, and a spermatozoon may be but x^)|o o ij 
of the ovum’s size! And these two uniting cells are the vehicles of 
inheritance and contain within them all the future characteristics, 
physical, mcintal, and moral, wherein the offspring resembles its 
parents, be they rotifers, or dinosaurs, or mice, or men! But this 
is not all, for Delage cut a very minute sea-urchin’s egg into three 
parts, and reared a larva from each, and in another experiment he 
reared an embryo from of a sea-urchin’s egg. Twin animals may 
often be obtained from one ovum by effecting a separation of the* 
first two cleavage cells, and it is known that this is the way the 
so-called “identical” human twins are normally produced. Pro- 
fessor E. B. Wilson, by shaking apart the four-celled stage in the 
development of the lancelet, caused the production of quadruplets. 

On the other hand, the eggs, especially of reptiles and birds, 
are relatively enormous, because there is contained within the 
shell sufficient food in the form of “yolk” to sustain and build up 
the organism through its entire embryonic period. The maximum 
recorded size of an egg is that of the recently extinct flightless bird, 
the sepyornis of Madagascar, the shell of which measures 9 by 13 
inches, while an ostrich’s egg measures but 4^ by 6. The sepyornis 
egg would therefore hold the contents of 6 ostrich eggs, or 148 hen’s 
eggs, or 30,000 humming bird’s eggs (Lucas). There is rarely a very 
definite ratio between the size of the egg and the creature which 
produced it, for the apteryx, another flightless bird still living in 
New Zealand, whose bodily bulk is less than that of a hen, lays an 
egg measuring three by five inches and weighing about one-third of 
its own weight. It is not surprising, therefore, that it lays but two. 

The presumption is, until we have evidence to the contrary, 
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that, in common with most other reptiles, except the viviparous 
ichthyosaurs whose high-seas adaptation rendered it impossible 
to come ashore for egg-laying, and a few modern lizards and snakes, 
all dinosaurs were probably egg-laying. If so, the eggs of a 67-foot 
Brontosaurus must have been huge, although even they may not 
greatly have exceeded those of the acpyornis. 

Embryonic Stage. — This is the period of development from the 
beginning of cleavage until the assumption of free life, generally 
that spent either within the egg-shell or within the body of the 
mother if she is viviparous as in certain sharks, the above men- 
tioned reptiles, and the mammals. Certain stages of development 
are common to all metazoan animals and the inherence is therefore 
chat these must represent ancestral stages through which the 
Metazoa as a whole passed in the dim youth of their racial career. 

Immediately after impregnation, cleavage occurs, dividing the 
egg into two, then four, then eight, sixteen, and so on, individual 
cells which remain attached to one another, forming a solid aggre- 
gate known as the morula (dim, of L. morum, mulberry). Further 
segmentation produces a hollow embryo, the blastula (dim. of 
Gr. /aXacrrcJs, sprout), the cavity within being the segmentation 
cavity or blastocoele (Gr. xoTXos, hollow). The organism now 
consists of a single layer of cells enclosing the more or less 
voluminous cavity. In its simplest form the blastula shows no 
cell differentiation, but in the aquatic invertebrates it may be 
uniformly ciliated and swim freely through the water with a 
rotary movement about a definite axis, one end of which always 
points in the direction of progress. In many blastulse, especially 
such as are not free-swimming, the cells soon begin to differentiate, 
at the posterior pole of the free-swimming forms or at the corre- 
sponding portion of those which are non-motile. These posterior 
cells are generally somewhat larger than the anterior ones, es- 
pecially in those embryos in which much food-yolk tends to con- 
centrate, and they will ultimately give rise to the vegetative tissues 
of the organism. The next stage is that known as the gastrula 
(dim. of Gr. yaarrjpj stomach), in which the embryo becomes two- 
layered, with a full differentiation into two distinct tissues com- 
posed of cells, the primary requisite of a metazoan animal. This 
is generally the result of an inpushing or invagination of the cells 
of the vegetative pole into the blastocoele, more or less obliterating 
it. The embrvo is now a two-layered or diplobiastic sac. the newly 
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formed (3avity lined by the invaginated cells being the primitive 
gut or archenteron (Gr. dpx-; first, and eVrepov, intestine), 
while the opening to the exterior is the gastrula mouth or blasto- 
pore. Of the two primitive germ-layers now formed, the outer one 
in the higher Metazoa gives rise to the integument, nervous sys- 
tem, and sense oi*gans of the adult and is known as the ectoderm, 
while the inner one, from which the digestive tract and certain of 
its glands, such as the liver, develop, is known as the endoderm 
(see Fig. 22). 

Up to this point all metazoan development, whatever the ul- 
timate result, follows the same or strictly parallel roads, although 



Fig. 22. — Stages common to all Metazoa. A, egg; B, C, D, cleavage stages; 
E and blastula; in F, which is somewhat older than E, one-half has been re- 
moved; G, beginning of gaatrular invagination; H, complete gastrula. G and 
H sectioned as in F. (After models of A7n'phioxus by Hatschek, from Wilder.) 

the exigencies of its life, causing the animal to be sedentary or 
free, and especially the presence and amount of food yolk may 
modify the several stages to a considerable degree. Now we come to 
the parting of the ways, when the least related go each their several 
roads, which ultimately branch into as many byways as there are 
forms of life. The nearer of kin the creatures are, the later is their 
embryonic divergence. 

Post-embryonic Life. — The adolescent stage is the period of 
youth, from the time when the embryonic stage is left until sexual 
maturity is attained, when the organism becomes an adult, even 
though its growth shall not have been completed. Often the 
young, once the embryonic stage is past, is a miniature of its par- 
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ents, again it may differ from them so widely that its relationship 
to those who gave it existence would never be even guessed. In 
the former case the development is direct, in the latter indirect 
or by metamorphosis, the adolescent form being called a larva. 

A familiar instance of metamorphosis is that undergone b}^ the 
frogs and toads, in which the young hatch out as limbless, tailed 
larvie with tuft-like gills on either side of the neck. The head is 
not constricted off from the body and the long tail bears a delicate 
web of skin above and below which aids in swimming. The mouth 
is armed with a pair of horny jaws composed of numerous closely- 
set horny teeth. In the course of a few weeks, in some species, the 
limbs begin to appear, first the hind limbs, later, apparently sud- 
denly, the fore. In reality the fore limbs have been developing all 
along, but were concealed by a fold of skin, the operculum, which 
had previously grown over the gills. Later the creature’s lungs 
become functional, the tail shrivels, and it soon emerges on land as 
a perfect frog or toad as the case may be. There are all sorts of 
modifications of this straightforward process, due to adaptations 
to various life conditions, but the fact of metamorphosis remains, 
although in some instances approaching very near to direct de- 
velopment. 

The frogs are instances of metamorphosis from a lower to a 
higher plane of life and most of the marvellous insect metamor- 
phoses are of a similar sort; but the change is not always progres- 
sive upward, and in some instances, notably where the adult is 
sedentary or parasitic and as a consequence degenerate, the meta- 
morphosis is retrogressive and results in an adult animal on a 
distinctly lower plane than when in the larval stage. The chapter 
on parasitism and degeneracy (see Chapter XVII) will give several 
instances of this retrogression, and a single instance, that of the 
tunicates or sea-squirts, will suffice for the present. 

These animals (see Fig. 23) are in part planktonic, but mostly 
sedentary benthonic forms, having a somewhat sac-like shape, with 
two orifices, one inhalant, the other exhalant, through which water 
enters and leaves the body for the purpose of food-getting and 
respiration. Though chordate animals, the adult shows but one 
of the three diagnostic characters which serve to define the group. 
This is the pharynx perforated by gill-slits, the notochord and the 
typically hollow nervous system not being in evidence. They are 
present in the young, however, for there hatches from the egg a 
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tiny tadpole-like creature which swims around in the sea by meana 
of a webbed tail stiffened by a gelatinous notochord. There is also 
a hollow spinal cord, somewhat like that of the frog tadpole, except 
that there is a very slight dilatation where one would seek to find 

the brain and this 
contains a very prim- 
itive sort of eye and 
another organ which 
may represent an ear 
or an organ of equili- 
bration (balancing 
sense). After a very 
brief life of freedom 
the larva becomes 
fixed first by a pair of 
adhesive organs and 
later by the outer 
^Hunic^^ of cellulose 
characteristic of the 
group to which it be- 
longs. The tail, the 
notochord, the greater 
part of the nervous 
system, and the sense 
organs disappear, and 
the creature degener- 
ates into a stage of 
development compa- 
rable to that of the 
lower Metazoa. Were 
it not for their life 
history, the place in 
nature of the tuni- 



Fiq. 23. — Tunicate retrogression from free-swim- 
ming larva, hr, brain; c, nerve cord; endj endostyle; 
h, heart; int, intestine; n, notochord; pp, adhesive 
papillae; t, tail. Orientation indicated by arrows 
which mark incurrent and excurrent orifices. 
Greatly enlarged. (After Seeliger, from Wilder.) 


cates would be very dfficult to fix; as it is they are clearly a de- 
graded offshoot of the stem which gave rise to the vertebrates 
themselves. 

The adult stage is reached as soon as the metamorphosis, if such 
there be, is completed — with the insects the assumption of the 
powers of flight marks its advent. While growth may continue 
for some time, or even, as in certain fishes, almost indefinitely, 
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the animal is generally sexually mature and parenthood is 
possible. 

Ultimately there comes senility, when the bodily powers begin 
to wane, procreation ceases, and the animal becomes less and less 
active and capable of protecting itself. It is thus more readily 
the prey of disease or of other rapacious forms, and shortly death 
ends its career. Thompson Seton, who knew animals as few are 
privileged to do, tells us that among wild creatures practically all 
die a violent death sooner or later, and that what we call a nat- 
ural death as applied to mankind rarely if ever occurs among 
them. 

Length of Life. — In most organisms there is a definite limit of 
growth and when the size best suited to the needs of the species is 
attained further increase ceases. Exceptions apparently exist in 
certain water-borne forms such as the fishes and whales, where the 
energy usually needed in overcoming gravity may be turned into 
growth force and in exceptional cases will produce an individual 
far in excess of the normal optimum of size. So it is with the 
length of life. Some organisms which, like the annual plants, die 
when they have provided for the continuation of their species, have 
a very definite life span, the limits of which are determined by the 
procession of the seasons. Others, like the perennial plants, con- 
tinue to live, barring accident, until sere old age sets in with its 
warning of impending death. 

In those forms with definite life duration, egg-laying is often 
fatal, for in some animals, as in certain flatworms, there is no birth 
opening and the young are liberated only through the death and 
disintegration of the mother. The abdomen of a may-fly bursts 
during egg-laying and '^many female butterflies die after oviposi- 
tion, and the same is true even of robust animals like lampreys. 
The drone who succeeds in fertilizing the queen hive-bee dies as he 
succeeds; all the others who are unsuccessful, also die. A male 
spider often lays his life on the altar of sex, and the same is true of 
some scorpions” (Thomson). In creatures which survive there is 
also a normal duration of life, like man^s three score years and ten, 
which few attain and fewer exceed. Most records of longevity are 
derived from observations on animals in captivity and hence, as 
the latter are sheltered from many of the vicissitudes of a wild life, 
may exceed the average. On the other hand, as for instance in the 
case of the gorilla, it was formerly impossible to keep a captive alive 
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for more than a very brief existence, the life of “ Dinah, a young 
gorilla kept in the New York Zoological Park for eight months, 
being once a record. At all events, whether captivity lessens or 
increases the animars chance for survival, its length of life cannot 
exceed the potemtial longevity of its species. 

Within each group of animals, the duration of youth is in rough 
agreement with the possible span of the whole life, and also with 
the relative size to which the members of the particular species 
attain, but this is not without some very marked exceptions. 

The extreme recorded life duration of insects is that of the 
American seventeen-year cicadas or ^Mocusts^^ {Cicada septendecim) 
which in the middle and northern states live no less than sixteen 
years underground, feeding on the juices extracted from the roots 
of plants. The spring of the seventeenth year they come out of 
the ground, burrowing up through the surface soil, and climb the 
trunks of trees, where they undergo their final moult and emerge 
as large four-winged bugs. They then pair, the female lays her 
eggs in slits cut in the twigs of trees, and before the season has 
waned the adults are at rest, the eggs hatch, the young burrow un- 
derground and begin their long subterranean lives. It is interesting 
to note that thirteen-year broods of what is apparently this same 
species occur in the southern states, doubtless a response to the 
longer growing period available in each individual year. 

Some recorded instances of longevity are: tortoise 350 years, 
elephant 130, swan, eagle, and parrot 100, mankind, omitting the 
biblical patriarchs, 70 years with perhaps 130 years as a maximum, 
sea-anemone 66 years, horse 42, crayfish 20, and so on; while 
the recorded age of the giant trees (sequoias), some of which ante- 
date the Roman Empire, gives the greatest known duration. As 
Thomson says in The Wonder of Life, several groups of animals 
may be recognized from the viewpoint of their life span: 

(1) The first is that of the immortal unicellular animals which 
[under ideal conditions] never grow old and which seem exempt 
from natural death. (2) The second is that of many animals which 
reach the length of their life's tether without any hint of ageing 
and pass off the scene — or are shoved off — victims of violent death. 
In many fishes and reptiles, for instance, which are old in years, 
there is not in their organs or tissues the least hint of age degenera- 
tion. (3) The third is that of the majority of civilized human 
beings, some domesticated and some wild animals, in which the 
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decline of life is marked by normal senescence, (4) The fourth is 
that of many human beings, not a few domesticated animals, e, g.y 
horse, dog, cat, and some semi-domesticated animals, notably bees, 
in which the close of life is marked by distinctively pathological 
senility. It seems certain that wild animals rarely exhibit more 
than a slight senescence, while man often exhibits a bathos of 
senility. This is due to the fact that the majority of wild animals 
seem to die a violent death before there is time for senescence, 
much less senility. The character of old age depends upon the 
nature of the physiological bad debts, some of which are more 
unnatural than others, much more unnatural in tamed than in 
wild animals, much more unnatural in man than in animals. Fur- 
thermore, civilized man, sheltered from the extreme physical forms 
of the struggle for existence, can live for a long time with a very 
defective hereditary constitution, which may end in a period of 
very undesirable senility. Man is very deficient in the resting in- 
stinct, and seldom takes much thought about resting habits. In 
many cases, too, there has come about in human societies a system 
of protective agencies which allows the weak to survive through a 
period of prolonged senility. We cannot, perhaps, do otherwise; 
but it is plain that to heighten the standard of vitality is an ideal 
more justifiable biologically than that of merely prolonging ex- 
istence. For if old age be then permitted, it is more likely to be 
without senility. Those whom the gods love die young. 

Death is the final and permanent cessation of life functions, 
and, in higher animals at any rate, seems to be a gradual process 
even though it may appear to be instantaneous. For although 
consciousness has ceased and the heart is stilled forever, the various 
tissue cells gradually succumb to starvation due to the cessation 
of the blood stream. With some tissues it is more gradual than 
with others, for instances are recorded of the growth of hair on a 
body for some time after general death. 

Curious instances of suspended animation also occur which in 
some cases simulate death so closely as to render distinction very 
difficult. A notable example is that of the bear-animalcules, minute 
forms related to the spiders and scorpions, some of which live in 
damp moss, others in fresh or in salt water. Those inhabiting 
ditches or other fresh- water pools subjected to drying become 
completely desiccated and are blown about like particles of dust. 
If by chance they fall into water, however, they become re-ani- 
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mated, expanding to their former size and taking up their life 
functions where they laid them down. Many instances of hiberna- 
tion or winter sleep, especially among cold-blooded forms, are 
also death-like. 
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CHAPTER XIV 

RECAPITULATION, EXTINCTION 
Recapitulation 

The celebrated German savant, Ernst Haeckel, conceived and 
set forth in the form of a law the wonderful similarity which exist s 
b etween t he life 2^istory ^ any organism and the evolutionary 
history of the race of beings to whTchTTbdongs . This principle, 
usually known as Haeckel's biogenetic law (morphogenesis of 
Hyatt), may be stated as follows: The life history of the individual 
( ontogen y) gives a J).riel r6siimj§ of the^volutionary history of the 
race (phylogeny). Or, more briefly, ontoge ny repeats phylogeny, 
AVEiIeThisTs^ in the main true, the phylogenetic record may be 
falsified in ontogeny in several ways, just as any historical docu- 
ment may lack certain imj^rtant portions through the accidental 
or intentional mutilation of the volume, or may have spurious 
chapters added thereunto by a later hand/ In some instances 
the results remind one of the palimpsests — ancient parchments 
from which the work of an older scribe has been erased and over 
the almost indecipherable traces of the ancient writing a new pen- 
man has engrossed an inscription of later date. Where the record 
is essentially correct in recounting in their orderly sequence the 
historical events, we may compare it to palingenesis (Gr. TrdXt?', 
again, and yeveaiSf production), in which truly ancestral charac- 
ters conserved by heredity are reproduced in development. The 
introduction of spurious matter may be likened to caenogenesis 
(Gr. fcatv6s, recent), in which non-primitive characters make their 
appearance in consequence of secondary adaptation of the young 
to the peculiar conditions of its environment. The elimination 
of certain chapters finds its parallel in tachygenesis (Gr. raxvSy 
swift), the acceleration of characters which are crowded back fur- 
ther and further into the embryonic life or out of the life cycle 
entirely. 

Palingenesis. — When one considers the millions of years of 
evolutionary life which have fallen to the lot of all organisms, if, 
as we believe, they have all evolved out of one primal creation of 
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life, and compares those untold ages with the brief span of in- 
dividual existence, he will see that the record is necessarily so 
greatly abridged as to make a perfect recapitulation practically 
impossible. Nevertheless the metamorphosis undergone by the 
common frog may be taken as a fairly typical instance of palin- 
genesis, as there is little evidence in its life history, except in the 
development of certain larval organs, such as the adhesive suckers, 
of any material falsification of the r^fcbrd (see Fig. 24). 



Fig. 24. — Metamorphosis of the frog, Rana ternporaria. A, eggs, greatly 
enlarged; B, tadpole with external gills; C, hind legs appearing; D, hind legs 
well developed; E, tadpole with all limbs free; F, G, stages in which the tail 
is resorbed, F being a miniature adult. (After Leuckart, from Schuchert’s 
Historical Geology.) 


The same may be also true of the ontogeny of the lower insects, 
but as soon as forms like the moths are considered, especially such 
as have highly adapted larvae, as in certain of the mimicking forms, 
it is at once evident that caenogenesis has been at work. 

Caenogenesis. — Among the inch-worms, or geometrid larvae, 
protective mimicry is common, the creature being elongated and 
twig-like (see Fig. 25) in form, in color, and in its attitude when 
disturbed, for it throws itself out rigidly at an angle with the sup- 
porting branch to which it is attached by the hook-bearing prop- 
legs at the hinder end of its body. This is clearly an adaptation 
to meet the vicissitudes of larval life, and the whole insect is very 
different from the form of a primitive species, such, for instance, 
as the fish-moth, Lepisma (Fig. 113), or Campodeay “the simplest 
living insect.^’ Then, too, the pupa state of the geometrid, in 
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which the insect passes into a condition of quiescence and the mar- 
vellous transformation into the adult takes place, can have no 
precise parallel in the history of the race, for it is inconceivable 
that a long period of racial dormancy, during which the evolution 
of wings was accomplished, could 
ever have occurred. 

Tachygenesis is the rule in ontog- 
eny, and nupierous instances might 
be cited, but certain of the frogs 
and toads may again be taken as 
typical instances, for while in most 
of them the eggs hatch out in water 
and the young undergo the typical 
palingenetic development mentioned 
above, others show all degrees of 
the suppression of larval stages until 
metamorphosis is practically elimi- 
nated and development from egg to 
frog is direct. 

‘‘ In some the eggs hatch on land, 
ha\ ing been laid in holes, on grass 
or leaves, and when the tadpoles are 
hatched, they wriggle into water or 
are washed into pools by the rain. In 
others, again, the eggs are laid on 
land, and the tadpoles have lost 
their gills before they are hatched, 
but the metamorphosis is completed 
later on. In a few the complete 
change occurs inside the egg, and 
when hatching takes place, little frogs 
appear, sometimes, however, with a 
stump of the tail still left. In others 
the eggs are carried by the parent, and here, too, they may be 
hatched as tadpoles or as perfect frogs ^\(Mitchell). 

Yet another remarkable life history wherein the strict phylogeny 
is departed from is that of Ichthyophys (Fig. 26), one of the Gyin- 
nophiona of the class Amphibia. These are curious, burrowing, 
snake-like forms with neither tail nor limbs, but which, despite 
their degenerate specialization, seem to have inherited more of the 



Fig. 25. — Geometrid larva on 
a branch. The twig-inimicking 
caterpillar is the upper right-hand 
projection from the stem. (From 
Jordan and Kelloggks Aninml Life. 
[D. Appleton and Co.l) 
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characteristics of their ancient stegocephalian forebears than have 
any other living amphibians. The female of a species which lives 
in Ceylon and breeds just after the spring monsoon, digs a hole 
close to the surface near running water where the ground is moist. 
Here she lays about two dozen eggs, around which she coils her- 
self, probably to protect them against other burrowing lizards and 
snakes, which are very numerous. During the period of incubation, 

if such it may be 
called, the eggs 
swell to twice their 
former size, and the 
mature embryo 
weighs four times 
as much as the 
newly laid egg. 
The embryo has 
external gills, 
which, however, 
have lost tJieir 
primal function of 
respiration for 
that of nutrition, 
for they move up and down in the fluid of the egg. The lateral 
line sense-organs develop, organs of prime importance to all aquatic 
vertebrates but here functionless while within the egg, which may 
also be said of the fin developed by the short tail. When the 
embryo has reached a length of about seven cm., the gills begin 
to shrink, and at the same time one pair of gill-clefts appears at 
the base of the third external gill. When the larvse are hatched, 
the gills are lost and the young animal takes to the water in a gill- 
less state, although at the bottom of the aperture on either side two 
gill arches may be seen, and the larva frequently comes to the sur- 
face to breathe. The lateral sense-organs and tail fin now fulfill an 
important function. The creatures seem to live a long time in the 
larval stage, but at last the gill-clefts close, the tail fin is lost, the 
skin assumes a totally new structure, and the fish-like larva turns 
into a burrowing creature which readily drowns when forced to 
remain in the water. In this instance the most striking tachy- 
genetic features are the crowding of the gills, which might well be 
of material service to the aquatic larva, back into the embryonic 


Fig. 26. — Limbless amphibian, caecilian, Ichthyophys 
gluiinosa. A, nearly mature embryo, with gills, tail-fin, 
and some food yolk; B, female guarding her eggs, 
coiled in a hole undergroimd. (After Sarasin, from 
Gadow.) 
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stage, and their assumption of a different role, and the total 
elimination of any trace of legs from the life history, although the 
Gymnophiona must have been descended from ancestors possess- 
ing limbs. I 

The Racial Cycle 

Students of fossil forms, especially of the molluscs, have come to 
recognize a series of definite stages in their phylogenetic career 
comparable to those of the typical life cycle discussed in Chapter 
XIII. These are as follows: 

Ep-acme Acme Par-acme 

.. f embryonic adolescent adult senescent 

^ ^ I nepionic neanic ephebic gerontic 

Phylogeny 1 phylo- phyloephebic phylogerontio 

[ nepionic neanic 

If the life cycle be represented by a curve, the ascending limb 

will include the nepionic and neanic or what may be called the ep~ 
acme. During the acme the summit of the curve is reached and 
the organism is in the full fruition of its powers. The par-acme is 
the period of decadence, when the organism ^s failing strength is 
represented by the descending curve terminating in death. 

Shells of molluscs, especially of gastropods and cephalopods, pre- 
serve the ontogenetic characters, often in a single specimen, better 
perhaps than the remains of any other group, and have as a con- 
sequence lent themselves especially to students of this interesting 
problem, notably the American paleontologists Hyatt, Beecher, 
Grabau, Jackson, and J. P. Smith. Not only is this true of mol- 
luscs, but in a more or less complete degree of brachiopods, echino- 
derms, and corals. 

In many of the gastropods and cephalopods especially, a single 
shell of an old individual may have preserved a record of all of the 
changes it has undergone during the animaFs lifetime. Thus we 
can find at the apex of the coil the tiny embryonic shell or proto- 
conch, then the neanic portion, formed during the animaFs youth, 
simpler perhaps in ornamentation than the adult or ephebic sec- 
tion when the height of development of all of the features, ridges, 
bosvses, spines or complexity of suture characteristic of the species 
is attained. Then the gerontic or senescent portion is seen, rec- 
ognizable by an increasing simplicity, comparable to that of the 
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neanic shell but retrogressive rather than progressive in the as- 
sumption of characters. Furthermore, it has been proved by 
paleontologists that the several stages shown in the development 
of a given shell reflect the adult condition of more ancient forms, 
presumably ancestral. Thus, the living Nautilus , the sole survivor 
of a formerly abundant group of cephalopods, has a closely coiled 
shell, but the earlier cephalopods had not, and coiling was gradually 
assumed and sometimes secondarily lost in phylogerontic types. 
In the course of its development, however. Nautilus passes through 
arcuate (L. arcuatus, shaped like a bow), loose-coiled, then close- 
coiled stages directly comparable to the adults of the Paleozoic 
genera Cyrtoceras and Gyroceras, and the later Nautilus representa- 
tives of its own group. 

Another highly evolved Cretaceous cephalopod, the ammonid 
Placenticeras pacijicum^ is characterized in the adult by complex 
sutures, the lines of juncture of the transverse partitio^ or septa 
which separate the chambers of the shell and its outen^all. In 
the development of its sutures the individual shell passes Is^jough 
simpler stages which are comparable to the adult structur^S)f 
nautilid and goniatitic forms, followed by stages in which the 
septa are comparable to those of early Ammonites before it assumes 
its adult generic features (see Chapter XXVI). 

In the lamp-shells or brachiopods, the spirally wound buccal 
(mouth) arms which serve for food-getting usually have an internal 
limy support which is an outgrowth of the inner wall of the shell. 
Beecher and others have shown that the stages in development of 
the exterior and interior of the shell and the brachial (arm) sup- 
ports can be closely correlated with adult characters of more primi- 
tive representatives in the group. As has been said, while stages 
in development from the young to the adult are all progressive, 
in senescence the stages that appear are in the main retrogres- 
sive. Nautilids and ammonids, which are characterized by close- 
coiled shells, build loose-coiled or even uncoiled additions; spe- 
cialized Ammonites, with complex septa, in senescence build simple 
septa, thus assuming simpler characters comparable to those seen 
in their own youth, and also comparable to the characters of 
adults in regressive (degenerating) series in their own groups (see 
Chapter XXVI). 

While shell-bearing invertebrates thus lend themselves admi- 
rably to the study of recapitulation, vertebrates as a rule do not, for 
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the skeleton, changing as it does with age, gives only the charac- 
teristics of the owner at the moment of death, and one can rarely 
learn much of the ontogeny from a single individual or the portion 
of an individual- such as is usually available for study. Neverthe- 
less where several individuals of a species are known, or the an- 
nually shed antlers of a captive deer (see Fig. 27), enough may 
be learned to show that the law of recapitulation holds with them 
as with the invertebrates. 

Persistently Primitive Types. — Both plants and animals in 
nature, as under domestication, show a remarkable variation in 
plasticity, so that while in the great majority time has wrought 
wonderful evolutionary changes, with a few it is as though the 
world stood still and the ceaseless centuries passed over them 
without effect. In some cases isolation in a remote place, where 
inter-specific competition has largely diminished, is doubtless one 
cause of their changeless survival; others are in the thick of the strife 
but seem to be immune to the influence of changing conditions. 

Such, for example, are Amoeba and the simpler Protozoa and 
unicellular plants, doubtless relics from the remote Proterozoic 
age, unless, as seems hardly probable, life evolved from the lifeless 
more than once and these are the primitive stages of a later crea- 
tion. Orhulina and Glohiqerina, two foraminiferal Protozoa, are 
known from the Ordovician and doubtless existed long before, 
while among the Brachiopoda one relic type is Lingula and another 
Crania, both dating also from the Ordovician, and persisting prac- 
tically without change until the present. Nautilus, mentioned 
above, has persisted from the Tertiary, and the family to which it 
belongs from the Jurassic. Of the vertebrates, an extremely old 
type is the lung-fish Ceratodus, of which a modern derived genus, 
Neoceratodus (Fig. 132), is now found isolated in certain Australian 
rivers, and which dates from the Triassic. The ancient Port Jack- 
son shark, Cestracion, has persisted since the Jurassic and mem- 
bers of its family are found in Lower Carboniferous rocks. In 
many respects the most interesting relic of all is the tuatera {Sphen- 
odon) resident on certain small islands bordering the mainland of 
New Zealand — a Permian type although somewhat modified from 
its Paleozoic ancestors. Sphenodon is the sole survivor of an im- 
portant order of reptiles and is of great value to those who would 
revivify the creatures of other days because of the flood of light 
which its structure throws on their probable anatomy. 
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These ancient forms are what are called generalized or primitive, 
as opposed to specialized types, for they alone can tarry in their 
evolution while time rings in its changes. High specialization, on 
the other hand, means a relatively brief career. 

Phylogerontic Characters 

Just as senility may readily be recognized in the individual by 
certain characteristics such as the graying of the hair, loss of teeth, 
of upright carriage, of vigor and elasticity of step, so to the trained 
eye characteristics are discernible which may point to racial senil- 
ity. These have been recorded by the English paleontologist. Sir 
Arthur Smith Woodward, who arranged them under several heads, 
as follows: 

Relative Increase of Size. — One of the characteristics recog- 
nizable as belonging to racial senescence, although having no 
parallel in that of the individual, is relative increase of size far 
beyond that which is usual in the group to which the animal be- 
longs. In certain recorded instances among the prehistoric animals, 
such an increase was followed by extinction, and in several living 
examples racial death is certainly threatened if not a very real 
probability, for, as we shall see, great increase of size is accom- 
panied by slow maturity and consequent lessening of the rate of 
increase, which severely handicaps the species in the struggle for 
existence. An example of phylogerontic immensity is the genus 
ProductuSj of which P. giganteus is the largest brachiopod known, 
sometimes attaining a width of nearly one foot, while most species 
hardly exceed one or two inches. Productus was very abundant in 
the Carboniferous and Permian and then was blotted out. The 
cephalopod Ammonites was another relatively huge form, while the 
living giant squid, Architeuthis, is by far the largest known in- 
vertebrate, reaching a recorded length of 50 or more feet. Certain 
of the smaller cephalopods, on the other hand, measure but an 
inch or two, while between one and two feet would be a fair aver- 
age for squid. 

Among vertebrates the Mesozoic dinosaurs (see Chapter XXX) 
were truly gigantic. Brontosaurus with 67 feet of length and 30 or 
more tons of weight, but especially Gigantosaurus, 80 or more feet 
long and proportionately heavier, occurring just before the extinc- 
tion of their suborder; while of carnivorous dinosaurs Tyranno- 
muruSy the culminating form of its race, was the largest and most 
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terrible flebh-eating terrestrial animal whose existence is thus far 
revealed. Of living types, we have the giant whales, the sperm, 
Greenland, and sulphur-bottom, all gigantic compared with the 
more conservative dolphins and porpoises, and rapidly nearing their 
extinction. The hippopotamus, exceeding by far all other swine-like 
animals, is also restricted in numbers and habitat compared with 
former times, while the elephants are very few to-day, though 
formerly world-wide in distribution and extraordinarily abundant. 
Of the old African elephants which reach a stature of 11 to 12 
feet, very few are now alive, and the most majestic species of 
all, Elephas rnsridionalis of Europe and E. imperator of America, 
are extinct. Of primates, the gorilla exceeds all others in size, 
with the exception of occasional men, and he is now making his 
last stand against fate in the dismal fastness of the dark continent. 

Spinescence. — Another gerontic character found occasionally in 
all skeleton-bearing animals is spinescence, that is, the tendency on 
the part of the shells of molluscs and of brachiopods, the external 
mail of Crustacea, and even the internal skeletons of vertebrates 
to produce a superfluity of dead matter. In some instances spines 
and horns are undoubtedly of genuine protective value, or they 
may be ornamental structures, although the extent to which purely 
ornamental characters without other practical value to the or- 
ganism develop in nature is open to question. In general, such 
excrescences seem like growth-force run riot, as though with the 
lessening vitality incident to rai*ial old age, it is no longer ade- 
quately controlled. 

Examples are, among brachiopods, SpinfeVy in some species of 
which the hinge-line becomes elongated into spine-like processes, 
and Productus horridus, whose valves are liberally bedecked with 
spines. Among molluscs there are a number of highly spinescent 
types, such as the gastropod Mur ex and the bivalve Spondylus. 
Among vertebrates there is a group of lizard-like reptiles. Car- 
boniferous to Permian in distribution, members of the order 
Pelycosauria, related to the living relic Sphenodoriy mentioned 
above. These creatures toward the close of their career were 
characterized by the enormous elongation of the vertebral spines, 
which in extreme cases also bore transverse processes like the yard- 
arms on the masts of a square-rigged ship. Edaphosaurus (Fig. 142) 
was perhaps the most remarkable vertebrate from this point 
of view. There seems to be evidence that these lengthening spines 
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were independently acquired in more than one line of descent 
within this group, but in all cases the appearance of spinescence 
heralds the extinction of the line. 

The dinosaur Stegosaurus 
(see Chapter XXXI) shows 
phylogerontic characters in 
at least two ways — rapid 
increase of size over that of 
allied forms, and a marvel- 
lous overgrowth of armoi 
plates and tail spines which 
heightens the bizarrerie of 
this most grotesque of beasts. 
Stegosaurus again is the last 
of its phylum, for no trace 
of the genus has ever been 
found in rocks of later date 
than the Morrison formation 
which produced it. 

The deer are the most 
familiar recent instance of 
spinescence in the bony 
growths known as antlers 
which surmount the brow. 
These antlers, which are 
periodically shed, increase 
annually in weight, com- 
plexity, and number of 
points until the deer is old, 
when they begin to simplify 
again. An interesting reca- 
pitulation is shown, for the 
antlers of a young animal are 
comparable to those of fully 
adult Miocene deer, those of 
somewhat later age to those of the deer of the Pliocene, while a 
*^stag royaT^ in his prime bears antlers comparable to those of the 
Pleistocene and Recent deer. Moreover, as one would expect, the 
deer which attained the maximum development of horns, the great 
Irish stag or “elk,^^ is now extinct, and wf; know of no other rea« 



1st year 

Fig. 27. — Antlers of stag, showing onto- 
genetic increase in complexity. Series in 
the British Museum (Natural History). 
(From Romanes’ Darwin and after Darwin, 
Copyright, Open Court Publishing Co.) 
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son for their extinction than the racial senescence which the antlers 


imply. The not infrequent interlocking of the horns of two fight- 
ing bucks, resulting in their destruction by starvation or the at- 
tacks of other animals, shows that the point of greatest utility as 
weapons of defense and offense has apparently been exceeded, so 
that the structures are an actual menace to their possessor. 

Degeneracy. — Physical degeneracy is another phylogerontic 
trait, this time paralleling certain senile characteristics of the in- 
dividual. Among these is loss of teeth, which is recorded several 
times: first, among the fishes such as the sturgeon and certain 
deep-sea forms like the “gulper'^ eel. Macropharynx, which evi- 



Fig. 28. — Antlers of deer, phylogenetic series. A, B, Cervus dicroceruSy Mid- 
Miocene; C, C. matheronis, Upper Miocene; D, C. pardinensis, Up)per Miocene 
and Pliocene; E, C. issiodorensis, Pliocene; F, C. mdgwickiiy Pleistocene. (From 
Romanes’ Darwin and after Darwin. Copyright, Open Court Publishing Co.) 


dently feeds upon the bottom oozes. The turtles, which are among 
the oldest of living reptile, had lost their teeth by Triassic time, 
when they first appear in the rocks; the birds, which were toothed 
during the Age of Reptiles, have also been toothless since its close. 
In each of these instances the jaws are sheathed with a horny beak 
variously modified, so that while the turtles are doubtless fewer 
than of old, the birds, except for man^s interference, can hardly 
have begun to wane as a whole, although many races are extinct. 
Among dinosaurs, three phyla were, at the time of their extinction, 
rapidly losing their dental armament: the sauropod Diplodocus, 
85 feet in length, whose teeth are slender structures no larger than 
lead pencils; Genyodectes, a carnivorous dinosaur of Patagonia; and 
Struthiomimns, one of the same group from the late Cretaceous of 
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Alberta and Montana (see Chapter XXX). Mammals occasion- 
ally show loss of dentition, notably the very ancient, egg-laying 
monotremes of Australia and Tasmania and the ant eaters among 
edentates. 

Another degeneracy is the assumption of an eel-like^ elongated 
form which W. K. Gregory tells us has been acquired no fewer 
than forty-four distinct times among vertebrates alone. These 
have been the result of independent or homoplastic evolution, and 
the criteria which in almost every instance distinguish them are: 
anguilliform (eel-like) body with multiplication of vertebrae, 
gephyrocercal tail (tapering to a point), reduced pelvic limbs, and 
usually predatory habits. Gregory lists three groups of cyclostome 
fishes, one of sharks, a lung-fish, thirty evolutions among the 
Teleostomi or bony fishes, three among Amphibia, five among 
Reptilia, and one group of mammals, a remarkable record.^ 

Extinction 

Extinction in phylogeny has two aspects, each of which has its 
equivalent in ontogeny. Of these the one which first comes to 
mind is racial death — the actual cessation of continuity with the 
blotting out of the line. The other is the transmuting of a given 
species into one of higher or more specialized type. The first is 
comparable to childless death, the second to the passing on of 
life to offspring. In each instance, except among the potentially 
immortal Protozoa, the individuals die but the line continues to 
exist. 

Illustrations of the two methods of extinction may be found 
among the Miocene three-toed horses. Some, like the browsing 
forest horse, Hypohippus (see Chapter XXXVI), died without 
issue, due to increasing aridity of climate and the consequent 
shrinkage of their natural environment and food supply, together 
with the specialization of their teeth for succulent vegetation only. 
Another horse, contemporary with Hypohippus, was Merychippus, 
the blood of which, for aught we know to the contrary, flows in 
the veins of all existing horses, although Merychippus as such has 
ceased to be and may be reckoned as an extinct animal just as 
truly as Hypohippus. 

In several instances among prehistoric forms extinctions have 
come with apparent suddenness so far as our records show, and in 
each instance without known competitors which could possibly 
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have worsted the race in an interracial strife. As the representa- 
tives of these forms often showed in one way or another certain of 
the phylogerontic characteristics which have been mentioned, the 
inference is that they died a natural death. Instances are the 
dinosaurs, of which the first to be rendered extinct were the gigantic 
Sauropoda, Brontosaurus and its kind, most of which died out long 
before the final extinction of the dinosaurs as a whole; and when 
the race had well-nigh run its course, we see some forms gigantic, 
others spinescent, others toothless, and the marvel is, not that 
they died, but that they survived so long, for the years of dino- 
saurian dominance exceeded one hundred and forty million! 

Another group which seems to have died a natural death were 
the so-called “fish-lizards^^ or ichthyosaurs (see Fig. 55) which 
swarmed in the high seas of the Mesozoic almost from its beginning, 
but died out early in Upper Cretaceous time. Possible competitors 
were the mosasaurs or sea-lizards, whose known remains are con- 
fined to the Upper Cretaceous, but the ichthyosaurs were whale- 
like, not only in appearance but also in inferred habits, and were 
more numerous and widespread in their prime than were the mosa- 
saurs. They certainly could not have been in competition with 
the whales, for a long interval separates the respective times of 
their existence during which, unless the mosasaurs filled the role, 
the seas were bereft of whale-like forms. The mosasaurs and 
plesiosaurs died abruptly without apparent cause at the close of 
the Mesozoic, as did the dinosaurs, and, like the latter, showed 
gigantic forms toward the close of their career. 

Causes of Extinction 

The causes of extinction (racial death) as applied to mammals 
have been admirably worked out by Professor Osborn (1906). 
As these laws probably cover nearly all extinction-causes in forms 
other than the mammals as well, they may be briefly summarized. 

Changes in Physical Environment. — These are the changes 
wrought by the elevation or subsidence of land masses, with the 
resultant formation or severance of land-bridges, either facilitating 
or preventing migrations, or, by permitting incursions of hostile 
animals, producing competition which cannot be withstood. Re- 
striction of habitat, especially insular habitat, also increases compe- 
tition at the cost of the weaker forms. On the other hand, insular 
animals which do survive are isolated from further competition and 
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may live long after the general extinction of their kind elsewhere. 
Witness the monotremes of Australia ^mdSphenodon of New Zealand 

Changes in Climate. — Increasing cold is apparently a very po- 
tent cause for extinction, for while certain forms like the musk 
oxen and the Siberian mammoth may become adapted to rigorous 
climate, many more will fail. The last glacial period was a time of 
wholesale extinction, either as a direct or indirect result of the dev- 
astating cold. 

Increase of moisture diminishes the supply of harsher grasses 
which afford nourishment to the great host of grazing mammals, 
and by far the great majority of hoofed animals extant are of this 
nature. Moisture also fosters the growth of poisonous plants and 
increases the numbers of insect pests and the consequent misery 
which they cause. The latter are often the carriers of disease such 
as the surra sickness and the sleeping sickness, which are fatal to 
domestic horses and, in the latter case, to men. Increase of mois- 
ture also gives rise to forest tracts which may fonn effective barriers 
to the migration of certain animals, and on the other hand afford 
migratory tracts to the semi-arboreal carnivores like the jaguar. 

Decrease of moisture changes the character of the food supply, 
increases the length and severity of the dry seasons, removes forest 
barriers, thus increasing competition through the permitted migra- 
tion of invading hordes, and actually causes the direct extinction 
of such forms as the primates, which depend upon forests for their 
livelihood. The extinction of primates in North America, with, 
and possibly as a result of, the increasing dryness toward the close 
of the Eocene is an historic fact. Diminution of the succulent 
herbage and increase of grasses, which are direct results of moisture 
diminution, favor the grazing but eliminate the browsing forms. 
An instance would be the extinction of the browsing titanotheres 
and forest horses and the great spread of grazing horses, camels, 
and other grass-feeding types in the Oligocene and Miocene 
epochs. 

Changes in Living (Biotic) Environment. — Competition is insep- 
arable from life, and while the adaptable forms are impelled 
thereby to rapid evolution, the inadaptable often find the competi- 
tion too severe to be met and consequently perish. This competition 
may be brought about by one of two ways : by rapid multiplication 
of certain local or native animals, or by the immigration of new 
animals, giving rise to the slow or rapid extinction of certain local 
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forms. This may be due to direct competition, as when a mother 
marsupial is attacked by another animal; her young which she is 
forced to carry handicap her greatly in comparison with a placental 
mother, and her destruction means also that of her young. The 
food supply of larger forms may be destroyed by smaller grazing 
mammals. St. Helena, once heavily wooded, has been rendered 
a barren rocky island through the introduction of goats by the 
Portuguese in 1513, as they destroy the seedling trees and hence 
when the old ones died there were none to take their place. This 
must have had a profound effect upon the native forest-dwelling 
fauna. 

Restrictions of island life result in the dwarfing of native forms 
through hard conditions and competition, as for example in the 
Shetland ponies, which are dwarfed far below the standard of their 
species. Certain islands in the Mediterranean, Cyprus, Malta, 
Sicily, and Sardinia, have yielded the remains of Pleistocene dwarf 
elephants, all of which are now extinct. These islands are relics 
of old migratory routes. 

The introduction of higher carnivorous mammals often brings 
extinction to lower forms of a less well-equipped type. The en- 
trance of the dingo, a placental dog presumably of Asiatic stock, 
may well have been the cause of the extinction of the native mar- 
supial “wolf,’^ Thylacynusj in Australia (see also page 124). Thy- 
lacy mis is now confined to Tasmania whither the dingo has not 
yet penetrated, but its remains are found in superficial deposits 
in Australia, showing it to be only recently extinct. The migra- 
tions of the saber-tooth cats into South America during the 
Pliocene probably were a supplementary cause of extinction of the 
giant sloths, Mylodon and Megatherium. 

Internal Causes. — Inadaptive structures such as the highly 
specialized teeth of browsing quadrupeds like the titanotheres, con- 
formable only to the needs of a browsing form and incapable of 
supplying subsistence when the forests shrank and the grasses 
became dominant, may well have been an important factor in their 
sudden extinction. Unprogressive feetj such as those of the Am- 
blypoda, archaic ungulates, could not bear their owners to the 
evolutionary goal when the competitors were the swift-footed fore- 
bears of modern hoofed animals. Large size^ aside from its indi- 
cation of racial senescence, is in itself a menace, as it requires more 
food for its sustenance and there go with it slow breeding and a 
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long period of adolescence which multiply the creature^s chances 
for destruction before it can procreate its kind. 

Extreme specialization always greatly increases the creature^s 
risk, for the unspecialized frequently survive where the specialized, 
whose dominant organs may tend to over-development, perish. 

Osborn gives four measures of mental capacity in extinct types: 
(1) absolute size and weight of brain, (2) convolutions, (3) propor- 
tionate size of frontal lobes or cerebrum, the seat of intellect, (4) 
ratio of brain to body weight. Among mammals especially a 
premium has been placed upon mentality ever since their initial 
evolution, and the shrewder of two competing groups generally 
wins. In the competition of dingo and thylacine mentioned above, 
relative mentality, which is notably deficient among marsupials, 
may well have been the deciding factor. In the old-time competi- 
tion of archaic and modernized mammals (see Chapter XXXII) 
the former were handicapped by inadaptive feet, teeth, and brain, 
and the last count especially was the one upon which they stood 
condemned. 

Osborn thus concludes: Following the diminution in number 
which may arise from a chief or original cause, various other causes 
conspire or are cumulative in effect. From weakening its hold 
upon life at one point an animal is endangered at many other 
points.” 
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SECTION 2. MORPHOLOGY AND 
ADAPTATIONS 

CHAPTER XV 
COLORATION AND MIMICRY 
Coloration 

Everyone, whether a trained observer or not, has been struck 
with the wonderful range of colors borne by different members 
of the animal kingdom, and this is especially true in the tropics, 
where riotous color is the rule. In New England, on the other hand, 
conspicuous coloring is relatively rare. 

To the student of biology, coloration of animals is of striking 
interest, for much of it is intelligible as part of the great adaptation 
scheme of nature; but all colors are not adaptive and sometimes it 
is apparently impossible to account for the existence of certain hues 
from the standpoint of utility. Our first question therefore is as to 
the means whereby color is produced, after which we may pass to a 
discussion of its significance. 

Color Production 

Color in nature is the result of some sort of interference with 
^he beams of white light, either through the absorption of certain 
of the component rays, allowing others to be reflected to the eye, 
or by some arrangement of surface sculpturing or prismatic glass 
which refracts a beam of light and breaks it up into its constituent 
rays. The first method is chemical, by means of the absorptive 
powers of a definite pigment, melanin, the oxidation of which 
produces the various colors, and the second is physical. 

Chemical Colors. — Pigment is found in nearly all portions of an 
animahs anatomy, not only on the surface but in the deeper-lying 
parts as well. In some instances the color is merely due to the 
absorptive powers of the chemical substance of which the tissues 
are composed, as for instance, the hsemoglobin, a compound of 
iron which gives the red color to the blood of the vertebrates and 
certain worms, or hsemocyanin, which gives the blue color to the 
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blood of the octopus. Both of these substances have a respiratory 
function, as they are the oxygen-carrying media of the blood, and 
their color is determined just as that of any mineral or chemical 
substance is determined and has no other significance to the animal 
in which it is found. 

Again, the pigment may be external and give a color to the 
organism which may have a real value in the struggle for existence. 
Such pigment seems to be primarily for that purpose, and the 
cells which contain it are differentiated into plain pigment, which 
gives an unchanging hue to the animal, that is, one incapable of 
rapid temporary alteration, and chromatophores or changeable 
pigment spots, such as produce the flushes of color which pass over 
the skin of a chameleon or of a squid. These are cells which have 
radiating fibers lying in a plane parallel to the surface of the skin. 
During a period of relaxation the mass of pigment lies deei5 and 
thus presents but a small visible area; upon contraction of the 
fibers, however, the pigment is spread over a greater portion of the 
surface and thus is manifest to the eye. Two sets of contrastingly 
colored chromatophores, such a.s brown and green,, expanding al- 
ternately^ change the general hue of the animal from brown to 
green or the reverse as the case may be. The chromatophores, in- 
fluenced by the eyes and skin through the pituitary gland, produce 
color changes, as for instance in the African chameleons or the 
American lizard, AnoliSj the false chameleon of the southern states. 
The effect of these chromatophores is greatly enhanced when there 
lies beneath them a reflecting layer formed of guanin, a substance 
allied to uric acid. This mechanism is particularly effective among 
fishes. 

Physical Colors. — Another change or play of colors is caused by 
surface structure, light falling upon which is reflected by finely 
incised parallel lines, often running in more than one direction, 
and thus undergoing dispersion into its component rays. The 
latter device is comparable to that used by physicists for spectrum 
analysis, and known as the Rowland grating. This instrument is 
generally made of spectrum metal which does not readily tarnish, 
upon which are ruled, with an engine of highest precision, some 
ten to twenty or even forty thousand parallel lines to the inch. A 
beam of light falling upon such a grating is broken up into its 
component colors, giving the rainbow effect known as the spectrum 
and comparable to that produced by the passage of the beam 
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through a crystal prism. The sculptured surface of a beetle's wing 
or the scales upon that of a butterfly or the feathers of a humming- 
bird’s throat produce the same result, except that instead of a 
series of colors such as those of the rainbow, but one may usually 
be seen from a given point, and this changes to another when the 
angle of vision is changed. The tropical butterfly Morpho ranges 
from blue to a greenish hue, while the ruby-throated humming-bird 
or the neck of some pigeons changes from a brilliant metallic red 
to a lustrous green. The scales of Morpho when seen under the 
microscope exhibit two sets of strise perpendicular to each other, 
which accounts for the play of single colors rather than a spectrum, 
due to their mutual interference. Strangely enough, the actual 
color of the scales as seen by transmitted rather than reflected 
light is neither green nor blue, but brown. 

Biological Significance of Color 

Indifferent Colors. — From the biological standpoint, the colors 
of animals may be considered under various heads. (3f non-selec- 
tion value but possibly of vital importance to certain ancestors of 
different environment are certain so-called “indifferent colors.” 
Of such would be the brilliant scarlet of some of the filaments or 
fln-rays or body of certain deep-sea fishes. These colors are 
borne by heredity, and as they are not detrimental, being invisible 
in the Stygian darkness of the deep sea, they are not eliminated. 
Colors or markings such as the spots on the uniformly black fur 
of a inelanic leopard (see below), or those sometimes seen in the 
coat of a domestic horse are further illustrations. 

Albinism is total absence of color in hair, feathers, or skin, and 
even in the iris of the eye. The latter permits the color of the blood 
to show, causing the pink eyes so characteristic of pure albinos. 
The hair and feathers are white because the tiny spaces which 
normally should be filled with pigment granules are full of air, 
which reflects all of the light rays just as froth or sea-foam 
does. 

Melanism is the reverse of albinism, for instead of absence of 
pigment in the skin there is a profusion of black melanin, giving a 
totally black hue to the entire animal. In both albinism and 
melanism color markings may be plainly visible, but in the same 
manner that the pattern shows in a piece of brocade or damask 
fabric. An albino peacock, for instance, whose feathers are en- 
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tirely white, shows the eye-like markings so characteristic of the 
tail plumes of the normal bird, and the black leopard, as has been 
said, shows the spots in the same way. 

Both albinos and melanos often arise as sports or saltations in a 
brood or litter of normally colored individuals. That they are 
germinal variations is evident, for not only are they heritable muta- 
tions but they follow Mendeks law in the ratio of their appear- 
ance. Certain races of albino birds and mammals have been es- 
tablished among domestic forms, such as white mice, rabbits, 
chickens, and pigeons, while the silver fox is a melanic phase of 
the common red fox, Vulpes fulvuSj which, though occurring 
sporadically among wild broods, is now a well-established and 
commercially profitable domestic variety, of which there are several 
distinct strains. In nature these sports should be distinguished 
from normally white or black species such as the various white 
species which inhabit the snowclad Arctic regions. Lack of pig- 
ment shows every degree of gradation from pure white through 
blotched or piebald individuals to those which show but faint 
traces of white. 

Valuable colors are such as evidently serve a direct physiological 
need. They have been classified under the following heads accord- 
ing to the uses to which they are put: 

Sympathetic colors 
Protective, of the hunted 
Aggressive, of the hunter 

Alluring colors (see under aggressive mimicry, page 212) 

Warning colors 

Mimetic colors 

Signal and recognition marks 

Confusing colors 

Sexual colors 

Sympathetic, cryptic, or concealing coloration is that wherein the 
hue of the animal harmonizes with its surroundings in such a way 
that it blends into the background and loses its conspicuousness 
in order to escape from its enemies or to lie in wait for its prey, as 
the case may be. To the first, the name protective coloration is 
applied, as in the case of an Arctic hare, while the second group 
may be called aggressively colored, the Arctic fox being an ex- 
ample. In the final analysis, however, both are protective, as it is 
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just as essential to the fox that he be protected against starvation 
as it is to the hare that he be protected against slaughter. 

The same species may vary in color in two ways, known re- 
spectively as local colors and seasonal colors} In the first the species 
has a wide range over areas varying in general hue, so that the 
ground color of the animal, if sympathetic, must also vary to har- 
monize. Several grasshoppers (Acrididse) whose hind wings are 
brilliantly colored red or yellow have the fore wings (beneath which 
the hinder ones fold when at rest), as well as the remainder of the 
body, colored to harmonize with the earthy Those found upon the 
area of the red shale in New Jersey, for instance, will have reddish 
brown fore wings, while the same species near the sea-shore will be 
light gray to harmonize with the prevailing sands. The gazelle, one 
of the most wonderful instances of desert adaptation, varies from 
white on the great sand plains to dark gray on the lava fields of 
volcanic districts. Among the hawk-moths the caterpillar of that 
found on the convolvulus (Sphmx convolvuli) when full grown is 
either green like its food-plant or brown like the ground beneath 
It thus shows a double adaptation, each phase of which is ap- 
parently capable of protecting it to the same extent ; as a matter of 
fact, however, the brown color is more effective than the green, 
as we may learn from two facts. In the first place, the four young 
stages of the caterpillar are green, and it only becomes brown in 
the last stage, though sometimes even then it remains green. 
This suggests that the brown is a relatively modern adaptation, 
and probably would not have arisen had it not been better than the( 
original green. In the second place, the green-colored caterpillars 
are much less numerous at present than the brown pnes, and this 
implies that the latter survive oftener in the struggle for existence 
(Weismann). 

Another still more remarkable case is that of the aesop-prawn, 
Hippolyte^ described by Gamble: ^^The wakeful hours of Hippolyte 
ire hours of expansion. The red and yellow pigments flow out in 
myriads of stars or pigment cells [chromatophores] : and according 
to the nature of the background, so is the mixture of the pigments 
compounded to form a close reproduction both of its color and its 
pattern: brown on brown weed, green on Ulva or seagrass, red on 
the red Algae, speckled on the filmy ones. A sweep of the shrimp 
net detaches a battalion of these sleeping prawns, and if we turn 
the motley into a dish and give a choice of sea-weed, each variety 
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after its kind will select the one with which it agrees in color, and 
vanish. At nightfall, Hippolytey of whatever color, changes to a 
transparent azure blue : its stolidity gives place to a nervous rest- 
lessness; at the least tremor it leaps violently and often swims 
actively from one food-plant to another. This blue fit lasts till 
daybreak, and is then succeeded by the prawn^s diurnal tint. 
1 hus the color of an animal may express a nervous rhythm. 

A number of birds and mammals such as the ptarmigan, the 
Arctic fox, the varying hare, and the weasel which puts on royal 
ermine for its winter dress, show a change of color from summer 
to winter, harmonizing with the browns of leafy soil or rock in 
summer and with the snow-covered ground in winter. The im- 
mediate stimulus to change on the part of the individual may well 
be increasing warmth or cold as the case may be, but temperature 
change is not believed to be the direct cause of the original assump- 
tion of the adaptation, for the common European hare, Lepus 
timiduSy does not change its coat in spite of the cold. On the other 
hand, the varying hare, Lepus variabiliSy also remains brown 
throughout the winter in southern Sweden, although the weather 
there may be exceedingly cold. In the higher Alps the same species 
remains white for six or seven months, in the south of Norway 
for nine months, and in northern Greenland it is always white, 
as the snow rarely melts, except in localized areas, even in summer. 
The lemmings also turn white in winter but experiments have 
shown that a captive lemming kept in a room in winter will not 
change color until exposed to the cold, the cold acting as a stimulus 
which incites the skin to the production of white hairs. 

Standard Faunal Colors. — It has been found that each of the 
several different life conditions under which animals are found 
is apt to make its impression upon its denizens in certain definite 
ways so that their habitat is usually readily inferable from their 
general appearance, and this is notably true of color. For example, 
the desert animals are generally duns or grays such as the gazelle 
already referred to, the camel, and the lion. Plains-dwelling 
forms are wont to simulate the color of dry grass, as in the case 
of the familiar buckskin '' horses which become invisible at 
distances at which black, bay, or white horses are readily seen. 
Jungle folk are often striped like the tiger or zebra, highly con- 
spicuous forms when viewed in the menageries, but with colors 
which simulate the bars of sunlight and the lights and shadows 
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among the tall jungle grasses. In the open, on the other hand, 
Roosevelt tells us that a little distance away the zebra^s stripes 
become indistinct and he appears a uniform gray (see page 206). 
Forest-dwelling forms are usually dappled, giving the effect of the 
splashes of sunshine caused by the pencils of light which fall 
through the interstices of the leaves. Instances are the leopard 
and jaguar, the fallow deer, the boa among serpents — although here 
the pattern is more definite but wonderfully harmonious. Some 
forms like the Virginia deer, the tapir, and the lion are spotted 
when young but more uniformly colored when adult, which may 
well be of ancestral significance. Many forest insects are green, 
simulating the chlorophyl of the leaves very closely. Birds of 
temperate climates are rarely so, but in the perpetually green 
forests of the tropics green birds of many different and unrelated 
families are abundant. Green insects hibernate, generally in the 
egg state, during the sere months in northern lands, but green 
birds, unless they be migrants, would be highly conspicuous when 
the trees are leafless. 

Arctic creatures are as a rule white, except the aquatic forms 
like the seals and walrus, and certain of these {Phoca spp.) are 
white when very young. But if a polar bear were brown or black 
he would inevitably starve, and on the other hand, a white animal 
away from the snow fields would be equally hard put to it to make 
a living. 

Sea and air mark their inhabitants alike, that is, if they are 
aggressive or wandering forms. Many sea birds are steely gray 
or blue above and white beneath, which makes them harmonize 
more or less with the sea when viewed from above and with the 
sky when seen from below. Among the forms thus colored are the 
gulls and terns. Many fishes such as the blue-fish and mackerel are 
similarly colored and for like reasons, even though they are aquatic 
rather than aerial. One curious instance is cited of a pelagic snail^ 
Glaucus, which floats belly upward on the surface of the sea. Here 
the colors — blue on the ventral and silver- white on the dorsal side — 
are reversed with reference to the snaiks anatomy, but normal 
from the standpoint of its life habits. 

Nocturnal creatures also wear a proper uniform of mottled brown 
or gray such as one sees in the wild-cat or owl, which renders their 
prowling owner very difficult of discernment in the dim light, even 
to those with night-adapted vision. 
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Warning or revealing colors are the conspicuous reds and 
yellows such as one sees upon the bodies of poisonous or unpalata- 
ble animals like the hornet, coral snake, tiger salamander, Gila 
monster, and many caterpillars and butterflies. These creatures are 
practically immune from attack if they are recognized in time, so 
that the advertisement of their dangerous nature must be a very 
conspicuous one. / It does not profit a nauseous butterfly if it is not 
eaten after it is killed, it is the killing that must be avoided, and a 
single stroke of a bird^s beak might well be sufficient to render the 
butterfly hors de combat. Its character must be recognized at once 
before the chance of fatal injury occurs."' It may be that a few 
fatalities on the part of the butterflies are necessary in order to 
impress each individual bird; on the other hand, the inherited 
instinct may warn the bird that conspicuously colored animals 
are to be left alone, or tradition may take the place of instinct. yAt 
all events, most preying animals do recognize and avoid the warn- 
ingly colored forms within the scope of their natural environment, 
but may have to learn by bitter experience to avoid strange 
enemies/Experiments go to show that when hungry animalfe have 
been duped once or twice by having conspicuously colored un- 
palatable caterpillars offered to them, they learn to discriminate 
and the coloring aids very largely in the attainment of this lesson. 
This is true even of the relatively unintelligent fishes. 

\While the warning coloration may well be the result of natural 
selection, it has been suggested that very abundant deposition of 
a waste-matter pigment may render an animal at once unpalatable 
and conspicuous .p This, however, would not account for the mi- 
metic coloring to be discussed later (see page 211) which renders 
a palatable insect conspicuous and therefore immune from attack, 
nor does it seem sufficient to account for the development of warn- 
ing coloration in edible forms endowed with weapons of defense. 

Warning coloration sometimes carries with it the assumption 
of an attitude which heightens the effect and may be designed to 
strike terror to the enemy^s heart. Such for instance is the spread- 
ing of the “hood^^ of the spectacled cobra (cobra-de-capello) in 
which the flattening out of the ribs of the neck region displays the 
conspicuous markings upon its dorsal side to advantage. A small 
moth, Smerinthus^ has large eye-like spots on the hinder wings 
which are concealed by the forward pair when the insect is at rest; 
when it is annoyed, however, the wings are raised in such a way 
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that the great, staring, eye-like markings are displayed, an exhibi- 
tion which must greatly impress the would-be assailant,^ 

Mimetic coloration will be discussed at greater length later in 
this chapter (pages 208-212). In brief, it is a color resemblance be- 
tween an animal and any other object, animate or inanimate. It 
may be either such as to conceal or it may be a warning coloration, 
but in the latter instance it is merely a ^ ^ bluff though never- 
theless of highly effective defensive value. 

Signal marks are apparently of very great importance among 
gregarious animals where mutual aid in time of danger is a charac- 
teristic. A herd of Virginia deer may be quietly grazing when one 
of the number becomes aware of danger. As he starts off, up goes 
the tail like a signal flag, showing the conspicuous white of the 
under side and the adjacent parts of the animabs body which the 
lowered tail had covered. This acts as a warning to the others and 
in an instant the herd is in full retreat. The American antelope 
{Antilocapra) has conspicuous areas of white hair on either rump 
which can be flashed in a similar manner through a spreading of the 
hair which reflects more light and forms a very effective danger 
signal. A still more familiar example is that of the cottontail 
rabbit, Lepus sylvaticusy whose signal flag gleams in the dusk and 
shows its young the way to safety. In each instance the signal is 
instantaneous, which may be of vital importance to the safety of 
the individuals. 

Recognition marks, for use of other individuals of the same 
species, are such as the red and orange spots on the side of a brook 
trout (Salvelinus fontinalis) which render it so beautiful a fish. In 
general the trout obeys the law of sympathetic coloring, a lurking 
fish in a shadowy pool being almost invisible to the enemy above, 
as his dusky back is as harmonizing from that point of view as 
his light-colored belly would be from below; but to creatures 
of his own kind and at his own level the characteristic speckledness 
is clearly discernible. These recognition marks are also borne by 
many insects and are often, as in many butterflies and moths, 
visible only when the animal is in motion, for then no amount of 
protective coloration will generally avail its owner. Under such 
circumstances the sympathetic colors are on the exposed portions 
of the animal as it rests with wings folded, that is, on the upper 
surface of the fore wings in moths and the under surface of both 
pairs in butterflies, for in the former group the hind wings are 
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folded beneath the fore, which lie roof-like against the sides of the 
body, while the butterflies bring the upper surfaces of the erectly 
held wings together, thus exposing their under surface. 

Confusing Coloration. — With many forms such as the moths 
and butterflies which we have just described, the recognition color- 
ing may be very conspicuous, so that during flight, when no pro 
tective coloring would avail, the eye follows it readily. A sudden 
settling of the insect, the brilliant color instantly disappears, and 
one loses sight of the insect completely, since its exposed coloring 
now harmonizes with the support on which it rests. Were the eye 
to follow the sympathetic color during flight, the resting insect 
would be much more readily discerned, but the sudden disappear- 
ance of the conspicuous color is highly confusing to a human ob- 
server, who looks in vain for the colored object and overlooks it 
in its transformed state, and the same must be true of pursuing 
creatures as well. The Catocala moth, with red-banded hind wings, 
is an instance in point, and this coloration is not at all confined to 
insects, as certain somber-colored lizards have brilliant color on 
the under side of the tail, which the eye follows and loses as the 
creature stops after one of its lightning runs and, lowering the 
tail, crouches in the sand, with which it now harmonizes to per- 
fection. 

Sexual Coloration. — As we learned in the chapter on sexual 
selection, ^he males of birds and other forms are often much more 
conspicuously colored than their females, as for instance, the car- 
dinal bird with his gorgeous red nuptial plumage as compared with 
his soberly garbed mate. Other similar contrasts are seen in the 
oriole, bobolink, several ducks such as the wood duck and the 
eider, in the wild progenitor of domestic fowls, and in the related 
pheasants.^ Why the males are conspicuous is perhaps not so clear, 
but the protective coloration of the female must be of prime im- 
portance to the race, especially if she is nesting or a potential 
mother. (The young males which have not yet reached sexual 
maturity are also protectively colored, so that in many cases it is 
extremely difficult except through anatomical examination to 
distinguish the young male from the female bird, even though the 
color contrast is so marked in the fully adult. The brilliant color of 
the cardinal bird is gradually assumed, several years being required 
for its perfection. 

The spotted coat of young animals, such as the deer, lion, and 
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puma, is well known. The young Brazilian tapir is somewhat 
irregularly striped, which is also true of the young of the wild 
boar. The jungle fowl, the ancestral stock of our domestic chickens, 
are colored in their adult life much like the game cock. The newly 
hatched chicks, on the other hand, instead of being plain yellow 
or dark-colored as in most domestic breeds, bear two dark longitu- 
dinal stripes along the back.) That all of these infantile colors are 
of superior protective value to those of the adult, especially under 
the conditions surrounding babyhood, is, in many instances, 
evident, but some may well be more of historic than of immediate 
significance. 

In a higher insect such as a moth or butterfly, egg, larva, pupa, 
and adult may each have a protective coloration suited to the im- 
mediate environmental need and differing markedly in each suc- 
cessive stage. That these colors aid in increasing the percentage 
of survival in each of the several stages is evident. 

Biological Cause of Coloration 

Some coloration is doubtless dependent upon the chemical ma- 
terial of which any organism is composed and the hue is due en- 
tirely to the absorptive powers of that substance; since oxide of 
iron is red, so is the blood of vertebrates, and since copper oxide is 
bluish green, so is the blood of the octopus, and so on. In many 
cases the color of internal organs may be due entirely to the nature 
of the food consumed ; thus the flesh of brook trout caught in cen- 
tral Massachusetts where there are few crustaceans available for 
food is pale, whereas trout from the Adirondack lakes where craw- 
fish are abundant have flesh of a deep salmon pink. The bones of a 
gar-pike are green in color through the deposition of green vivianite 
under certain physiological conditions. Thomson says that ^^the 
pigment substances are primarily waste-products, reserve-prod- 
ucts, or by-products of the animaFs metabolism, and in many in- 
stances the colors have no more significance for their possessors 
than the gorgeous autumnal tints of withering leaves have for the 
tree — that is to say, none!'^ 

Pigment, aside from its protective or warning significance, may 
have other very real values. Such for instance are the definitely 
localized spots of coloring matter which are sometimes associated 
with end organs of the nervous system. This pigment absorbs 
light, indirectly stimulating the nerve, and thus acts as a light- 
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percipient organ. All eyes have this for their basic principle, but 
in some instances accessory organs which are not strictly speaking 
eyes and yet have a light-perceptive value are thus formed. 

Other pigments found in fur or feathers may serve to absorb or 
reflect heat and thus be of value to the owner in addition to the 
function of sympathetic coloration, such for example as the pale 
grays of the denizens of the desert. Again, dark pigment such as 
that in the negro and other dark human races serves to cut off the 
ultraviolet rays of light which from their physiological action 
cause such discomfort to humanity. Hence a colored man under a 
tropic sky is less liable to sunstroke than a fair one, and the devel- 
opment of human pigment, which is said to bear a direct ratio to 
the number of sunny days in a year in a given region, may well be 
due to the working of natural selection in eliminating the lighter 
colored individuals rather than to the inheritance of the direct 
effect of the sun's rays in the production of pigment. 

The structural features, striae and the like, which give rise to the 
physical play of iridescence, have been compared to ripple-marks 
or rhythms of growth such as the growth-lines on a shell, and the 
same may be true of the color when it is laid down in concentric 
lines or cross-bars. 


Value of Coloration 

The value of coloration to the animal is in many instances a 
very real thing and must play an important part in determining 
the creature^s chances for survival. That it is not in every case 
operative, however, is undeniable, for, as Roosevelt says, speaking 
especially of the higher animals, some have so wide a range of ac- 
tivity, continually passing over such totally different landscapes 
and among such totally different surroundings, that the difficulty 
of devising a concealing coloration would be enonnous (1911). 
Perhaps one of the most glaringly conspicuous of animals as seen 
in the zoological parks is the zebra. The question arises as to the 
value of this coloration, either as concealing color or as recognition 
marks. Gregory has summarized the evidence as follows: ‘‘Pocock 
maintains with much force that the testimony of observers in the 
field has established the truth that the coloration of the coat 
renders a zebra invisible under three conditions, namely, at a dis- 
tance in the open plain at midday, at close quarters in the dusk 
and on moonlight nights, g^nd in the cover afforded by thickets.^* 
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On the other hand, the late E. C. Selous, a keen observer with 
lifetime of field experience, writes in Great and Small Game of Af- 
ica: “ Never in my life have I seen the sun shining on zebras in 
uch a way as to cause them to become invisible or even in any way 
iconspicuous on an open plain, and I have seen thousands upon 
housands of BurchelFs zebras/^ He admitted the fact that the 
old black and white stripes on the coat of BurchelFs zebras 
re not apparent at any great distance but stated that nevertheless 
he zebras, on account of their constant movements and by the 
iolent switching of the tail, were always conspicuous even in the 
loonlight. Moreover, the lions hunt the zebras chiefly by smell 
nd at night, or lie in wait for them at the water holes. Colonel 
loosevelt also vigorously supported the view that the striping was 
f no special use for concealment. 

With reference to the value of the stripes as recognition marks, 
elous thought them of little service, but Ewart, in his famous 
*enycuik experiments in which a male zebra was mated with an 
Lrab mare, had great difficulty in overcoming the reluctance of the 
ebra, for only after he had become accustomed to the strange 
ppearance of the dark-colored, unstriped mare could he be in- 
uced to mate with her at all. Zebras are such keen-eyed animals 
hat they can hardly fail to recognize individual, much less specific, 
iffer^nces in their companions. 

^j^vprtheless, it the color was such as to protect the bird or 
nimal at critical periods, not only from the standpoint of its own 
idividual protection, but also from that of the race, as for instance 
uring the bringing forth of the young or the incubation of the 
ggs, its value would be abundantly proved even though at other 
imes the protection afforded was inadequate. 

Whatever may be the initial cause of color, its final perfection 
f adaptation for concealment, warning, or whatsoever service it 
lay render may well be the result of the natural selection factor. 

Mimicry 

Of all the devices adopted by nature for the protection of her 
SaSw^n^ne is so marvellous in its perfection as those which are 
icluded under the head of mimicry-^he resemblances which 
rganisms bear to others and to inanimate objects in form, color, 
ttitude, and action, thereby either escaping observation or ad- 
ertising an apparent harmfulness whicaisjidt at all real, i- 
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Just as coloration of animals was classed as protective and ag- 
gressive, so we may consider two aspects of mimicry, the protec- 
tive mimicry being as before divisible into concealing and warning 
and the aggressive into concealing and alluring. Mimicry may be 
further divided into unconscious or passive, under which head by 
far the greater number of mimics fall, and in which form and color 
make up the resemblance; and conscious or active, in which by 
its actions as well the mimic imitates the immune model. 

Almost anything may be mimicked, from a wave-worn pebble 
to a twig of a tree or an active harmful insect. Thus all the king- 
doms of nature, the inorganic, plant, and animal, furnish the host 
of models to be imitated where immunity is sought. 

Protective mimicry, as we have seen, has two aspects, conceal- 
ment and warning, of which the first is by far the more common. 
An example is the crab Cryptolithodes whose smooth rounded form 
and texture and white color harmonize so perfectly with the white 
quartz pebbles of the beach that one needs must turn the animal 
over, generally by accident, to see its real organic character as a 
living form. The immunity which it thus secures from enemies 
of its own humble station must be of real protection, though doubt- 
less it is occasionally crushed by a larger form. Its mimicry is 
certainly unconscious, as action betrays its presence and stoical 
passivity is essential to safety. Another crab resembles wave- 
worn dead coral very closely; here, as the animal is carnivorous, 
the concealment may have a twofold purpose, protection against 
its enemies and aid in securing its prey. 

The geometrid moths, whose caterpillars (see Fig. 25) are the 
familiar measuring worms, are often not only protectively colored 
but may mimic the twigs and smaller branches of various plants 
such as clematis, the birch tree, the pear tree, and many others. 
That on the birch, the caterpillar of Selenia tetralunaria, when it 
needs particularly to escape observation, grasps the branch with 
its two hinder pair of prop-legs and throws its body outward at an 
angle, in a rigid posture as though in a cataleptic state. Details 
of resemblance are now apparent, not only in color and form but 
in excrescences which simulate the latent buds of a twig, while 
the somewhat pointed head and feet resemble terminal buds. So 
perfect is the resemblance and so long maintained the posture that 
even a trained observer often fails to see the creature or to be 
sure of what he sees until he actually touches it. Such mimicry 
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is in the main unconscious, that is, in the color and form, but as 
action precedes the inaction of the mimicking pose it is also in part 
a conscious one. 

Yet another geometrid moth, Schizura mucroniSj carries the mim- 
icry still further, for not only does the rough-barked caterpillar 
mimic the twig to perfection, but the moth does also, although 
somewhat less effectively. The latter rests head downward against 
the bark of the actual limb with the stiffened body held out at an 
appropriate angle, the wings being folded around the abdomen 
in such a way as to heighten the resemblance. 

Many moths mimic the rough bark in color when in an ordinary 
resting posture upon it, but with them it is a matter of color 
mimicry only. 

Many of the walking-stick insects (Phasmidae) are also close 
mimics, with their slender body, attenuated limbs, sympathetic col- 
oration, and slow 

while the shadow of ^ „ . , r „ 

, . Ill 29. — Phylhum, walking leaf, an example 

the insect could be insect mimicry. (After Doflein.) 

clearly seen upon the 

shadow of a bush because of this characteristic, only careful search 
revealed the creature in substance upon the bush itself. All of the 
American species of phasmids are wingless and there are compara- 
tively few of them, but in the tropic and subtropic regions of the 
earth over six hundred species are known, many of which have 
other protective resemblances, some of them marvellous indeed. 
Perhaps the most perfect example is the leaf insect Phyllium 
(Fig. 29). Here the wings and flattened and expanded body and 
limbs are all green except for irregular small yellowish spots which 
simulate the fungus or rust growths upon a leaf so that the total 
resemblance is very precise. 

Many butterflies are also leaf-like in appearance, simulating not 
only the general hue of a dead or withered leaf but its petiole, 
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midrib, venation, rust spots, and the clear places which sometimes 
occur in a diseased or injured leaf. One such butterfly is Coeno- 
phlehia archidona from Bolivia, in which the upper outer angle of 
the fore wing forms the apparent stem or petiole of the leaf; the 
most noteworthy instance, however, is that of Kallima paralecta 
from India (Fig. 30) in which the hinder wings are prolonged into 
the stem-like structure, and the other leaf-like markings are carried 

to an extreme of perfection. This but- 
terfly is strikingly colored above, blue- 
black with a reddish yellow or bluish 
white band, the recognition markings 
of the species. This coloring is seen in 
flight. On the instant of alighting, the 
insect practically disappears, for now 
the wings are folded together so that 
only their protectively colored under 
surface is exposed. This is deceptively 
like a dead and sere leaf due to its 
color, in which red and brown alternate 
with occasional spots bereft of scales 
which simulate dewdrops. In addition 
there is seen the midrib and often the 
lateral ribs of the leaf, and black and 
mouldy spots also occur. 

Warning Mimicry. — Some of the 
most remarkable mimicry of all is in- 
Fig. 30.— Dead-leaf butter- eluded under the caption of warning 
fly, Kallirna paralecta^ from mimicry — mimicry of advertisingly col- 
India. (After Weismann.) ^^^^1 which are distasteful or even 

poisonous either when devoured or through the possession of poi- 
sonous fangs. Among reptiles there are certain brilliantly colored 
poisonous snakes belonging to the same family (Elapidae) as the 
deadly cobras. These snakes are of the genus Elaps and are con- 
fined entirely to America. They are beautifully colored, often in 
red and black alternating bands which in the coral snake are edged 
with yellow. While they possess a strong poison they are prac- 
tically harmless to man because of the limited extent of the gape. 
Each of the several species of poisonous coral snakes is mimicked 
by other species of harmless snakes belonging to different genera, 
and while the markings are in no case exactly similar, the approxi- 
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mation is sufficiently close to render the imitators practically 
immune from attack except perhaps by mankind. Many other 
harmless snakes such as the hog-nose snake {Heterodon), while 
not colored exactly like poisonous ones, will nevertheless flatten 
the head, rendering it triangular, and hiss and often strike to show 
how very dangerous they are. With lower animals this doubtless 
gives them a certain immunity from attack but on the other hand 
only serves to invite destruction at the hand of man. The mimicry 
in those species which imitate the coral snakes is unconscious or 
passive, that of Heterodon is conscious as it depends upon the ac- 
tions of the snake to make it effective. 

Among insects again there are a host of imitators, both active 
and passive; those which mimic their models in form, color and 
action, such as the hairy, brilliantly colored syrphus- or flower- 
flies which resemble the stinging bees and wasps; beetles which 
resemble wasps; clear- wing moths which mimic bees, and so on. 
Some of the most remarkable imitations, again, are among the 
butterflies, which resemble other distasteful and hence immune 
butterflies. The most familiar instance is that of the immune 
monarch butterfly, Anosia plexippus { = Danais archippus)^ which 
is inedible, and its imitator, the viceroy, Basilarchia archippus 
{ — Limenitis disippiis), which would otherwise be destroyed, as it 
is palatable from the point of view of insectivorous birds. - 

Sometimes only the female of a butterfly will mimic an immune 
model, the male being colored in a totally different way (dimorphic 
species). Again in widespread species more than one form of fe- 
male will be associated with a given male, each female mimicking 
an immune species which happens to be locally abundant. In 
Africa the Danaid butterflies are unpalatable, while the Papilios 
are not. Papilio merope is a species which has scarcely varied at 
all in the male sex in the extent of its distribution through Africa, 
but in the female has almost everywhere lost the outward appear- 
ance of a Papilio, and assumed that of a Danaid, which is protected 
by being unpalatable; and not everywhere the appearance of the 
same species, but in each place that of the prevailing one, and 
sometimes of several in one region. As a result, these females now 
show a polymorphism consisting of four chief mimetic forms, 
plus the primitive form — that resembling the male. The latter 
has survived in Abyssinia alone, and even there it is not the only 
one, but occurs along with some of the mimetic forms (Weismann). 
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Thus while in a general way the different types of female are locally 
separate, their areas of distribution often overlap, and, at the Cape 
for instance, one male and three forms of female have been reared 
from one set of eggs. 

Aggressive mimicry is that shown by certain carnivorous forms 
such as the spiders found on golden-rod and other flowers, whose 
yellow bodies so harmonize with the flowers upon which they rest 
as to render them invisible to the visiting insects which form the 
spider's prey. Other spiders resemble oak galls or other vegetable 
growths, yet others the droppings of birds, all of which resem- 
blances have the same ulterior design. These are all instances 
of concealing mimicry. 

^Another spider is described as resembling an orchid blossom 
more or less closely, both in color and form. In this instance 
the resemblance is an alluring one and is advertising rather than 
sympathetic. It is doubtless a highly profitable adaptation to 
the spider. Another similar adaptation is that shown in a cer- 
tain African lizard, protectively colored except for a brilliant 
patch of color at the corner of the mouth which acts as a lure for 
the unwary^ 

Simulation of Death. — But one aspect of mimicry remains to be 
discussed, again a conscious imitation, that of simulating death. 
This has been developed to such an extent in the American opossum 
(Didelphis virginiana) that the act is known in common speech as 

playing 'possum." Whether it is an intentional performance on 
the part of the creature, or whether, as has been suggested, the 
animal faints away from fright, in which event it could hardly be 
called conscious mimicry, it certainly is again an adaptation of 
real value to its owner and may often save its life when attacked 
by an enemy that prefers to kill its prey. Many insects, especially 
hard-bodied beetles, which a fall will not injure, have a similar 
habit, as they drop like a pebble when one is about to seize them, 
lie inert where they fall, and are often searched for in vain among 
the leaves and grass beneath the bush upon which they were. 
This may be, as in the case of the opossum, an actual unconscious- 
ness, but is even more efficacious, as the animals are so hard to 
find. 

Wallace's Conditions for Protective Mimicry. — Wallace long 
ago summed up the conditions which must be fulfilled whenever 
protective mimicry occurs. Tb^^v are as follows: 
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1. Imitative species must occur in the same area and occupy 
the same station as the mimicked. 

2. The imitators are always the more defenseless. 

3. The imitators are always less numerous in individuals. 

4. The imitators differ from the bulk of their allies. 

5. The imitation, however minute, is external and visible only, 
never extending to internal characters or to such as do not affect 
the external appearance. 

Causes of Mimicry. — Weismann, the leader of the Darwinian 
school, makes natural selection the only factor in the production 
of mimicry, arguing with Bates that the great likeness, such as 
occurs between the white butterflies and the nauseous Heliconiidse, 
would depend on a process of selection, based on the fact that, in 
each generation, those individuals would on the average survive 
for reproduction which were a little more like the model than the 
rest, and thus the resemblance, doubtlevss slight to begin with, 
would gradually reach its present degree of perfection. In opposi- 
tion to this it has been argued that the mimicry, to be of any selec- 
tion value, must be practically perfect at once, and the minute 
or trivial variations such as the exponents of natural selection pos- 
tulate would be of no possible survival value in mimicry. On the 
other hand, that masterpiece of mimicry, Kallima (see Fig. 30), 
goes too far, as a much less perfect imitation would be ample for 
all practical purposes and we can not conceive of selection taking 
an adaptation past the point of efficiency. 

Another explanation of mimicry is that the mimetic form as 
in butterflies may have arisen as a large mutation, and that for 
a while the two forms persisted side by side, but gradually the 
old one disappeared. Such an explanation might well account for 
the polymorphism of Papilio meropcy especially as the male still 
retains its original form and in one locality (Abyssinia) a female 
does as well. 

There is little doubt, however, that whatever causes may be 
secondarily operative in the production of coloration and mimicry, 
natural selection is the chief, v 
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CHAPTER XVI 

ANIMAL ASSOCIATIONS. COMMUNALISM 

Perhaps one of the most interesting aspects of evolution is the 
development of communal life among animals, for here is fore- 
shadowed one of the factors which have aided so largely in placing 
man at the head of the animal kingdom. It is not alone his sentient 
power and his hand skill that have made him great, for while in- 
dividual man working his way as a solitary being can accomplish 
much, civilization and its attendant train of invention and attain- 
ment are the direct outgrowth of communal life. 

Animal associations may be divided into several sorts, some of 
which have already been discussed. They are: 

Associations of different species. 

Mutually beneficial. 

Commensal (see Chapter II). 

Symbiotic (see Chapter II). 

Harmful to host. 

Parasitism (see Chapter XVH). 

Associations of the same species. 

Gregarious animals. 

Mutual aid with no division of labor other than leadership. 

Communal animals. 

Always implying division of labor and sometimes physical 
differentiation. 

Gkegarious Animals 

The association of unlike forms will not now be discussed and 
we may turn at once to gregarious animals. These are such as herd 
together for mutual aid, either for defense or for the securing of 
food. The name might also be applied to communities of sedentary 
benthonic animals whose association is the result of the accidental 
settling of a swarm of mero-planktonic young in a given locality. 
Such a group should not be called a colony, for colonial organisms, 
as the term is used in biology, are such as are organically connected 
with one another. 
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Truly gregarious forms are the shoals or schools of invertebrates 
or fishes such as the squid, shad, cod, mackerel, herring, and albi- 
core. Whether there is here a recognized leader we have no means 
of knowing. Of higher forms among marine types there arc the 
whales and seals, all of which are gregarious. With the killer 
whales, Orcinus (Fig. 57), there is mutual aid just as there is among 
wolves, for the purpose of destroying their prey, the killers being 
the only cetaceans which prey habitually on warm-blooded an- 
imals. Their victims may be seals, penguins, or the various species 
of their own order. The killers destroy such as they are able alone, 
but combine into packs when a larger whale is to be attacked. 
Their favorite food is the tongue of the right or whalebone whale, 
and two or three will seize the lips and force open the mouth, while 
the others tear out the tongue of the unfortunate victim. 

Wolves, when they run in packs in the pursuit of prey, may be 
said to observe a sort of armed truce, the idea of mutual aid for 
defense evidently being foreign to their code of ethics, for they 
will at once turn upon, destroy, and devour one of their own band 
who happens to be wounded, even though it delay the chase. Un- 
gulates, on the other hand, herd together for safety, not for food- 
getting, since the immense numbers sometimes brought together 
must render the amount of food available for an individual ma- 
terially less. 

Perhaps the greatest numbers of any large animal of recent times 
were those of the buffalo Bison arnericanus which formerly spread 
over one-third of the entire continent of North America. 

Hornaday tells us that they ranged from the arid plains to the hilly hard- 
wood forests of the Appalachians, covering an area which stretched 3600 
miles from north to south by 2000 miles from east to west. The center of 
their abundance lay in the great plains from the Rocky Mountains to the 
Mississippi, and when the herds assembled there they covered the earth 
seemingly as with one vast brown buffalo-robe. One of the most memo- 
rable observations of the immensity of their numbers was that of Colonel 
R. I. Dodge in May, 1871, who drove for twenty-five hours through an 
unbroken herd of buffalo. Hornaday believes that Colonel Dodge must 
actually have seen no fewer than half a million animals. They belonged 
to the great southern herd, estimated at 3,500,000, then on its annual 
spring migration northward. The estimated numbers of the northern herd 
have been put at 1,500,000 making a total of 5,000,000 animals, and yet 
within the next four years that majestic army was reduced to three pitiful 
remnants owing to the wanton destruction by man, a slaughter second 
only to that of the World Wars. In 1903 Doctor Frank Baker estimated the 
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iotal number alive as 634 wild and 1119 in captivity, making 1753 as com- 
pared with their former millions. Since that time, the number has been so 
increased by wise conservation that the herds have to be thinned out from 
time to time, owing to limited grazing area. 

Among buffalo, the herd is led by a female, while among horses, 
as is the case with the pariah dogs of Istamboul, a male of 
proved prowess is chief among the pack until displaced by a 
stronger. 

Beaver carry their social organization further in that all unite 
for the construction of such public works as the dam which im- 
pounds the water. When it comes to the individual lodges, how- 
ever, each works for himself and lives his own family life more or 
less independent of others of the community. 

Among pelicans, even though they flock together in great num- 
bers for breeding and the rearing of their young, each jealously 
guards its own interests and those of its offspring, regardless of the 
others. Occasionally, however, mutual aid becomes necessary, as 
when individual fishing is not sufficiently productive. In this 
event, the birds are said to swim in a line in such a way as to sur- 
round a school of fishes much as the}^ are enclosed in a seine. The 
pelicans then swim toward the shore, driving their prey into shallow 
water, where each fishes for himself. 

Some instances are recorded of the association of more than 
one species of gregarious animals. Colonel Roosevelt speaks of 
a herd of between forty and fifty elephants, accompanied by over 
a hundred white herons. In order to see whether there was an 
available bull among them, the men moved them by shouting, 
and off the elephants went at a rapid pace, half the herons riding 
on them while the others hovered alongside, like a white cloud. 
Another example is the association of zebra, ostrich, and gnu, 
mentioned before (see page 28) under the head of commensalism, as 
such associations of unlike forms for mutual good belong to that 
category. Roosevelt also tells us of oryx herds, generally of from 
half a dozen to fifty individuals, often mixed with the zebras. 
There were also solitary oryx bulls, probably turned out of the 
herds by more vigorous rivals, and often one of these would be 
found with a herd of zebras which proved more tolerant of it than 
its own kinsfolk. All of this game of the African plains is highly 
gregarious in habit, and the species associate freely with one 
another. 
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Domestic Animals. — With but a single exception — the domestic 
cat — every animal which man has succeeded in subjecting to his 
uses has been a gregarious form and hence dependent upon its 
fellows for aid and succor. This, as may well be imagined, is a 
very potent factor in man^s favor when he attempts the subjuga- 
tion of a wild animal, for he, in large measure, supplies the need of 
kinsfolk and when the creature becomes dependent upon him 
the victory is half won. The surly, intractable individuals among 
male elephants, horses, and cattle would possibly be outlaws 
from their own kind in a state of nature. The independent habits 
of the domestic cat which Kipling has so admirably satirized in 
his story of ‘Hhe cat that walked by its wild lone,^^ are due to the 
non-gregarious character of its wild progenitors, and are attributes 
which centuries of domestication have never wholly eradicated. 
Hence the cat is always a guest, the other domestic animals be- 
coming members of the family. The cat is more concerned with its 
surroundings than with its human associates. In war-torn France 
the dogs always went with the human refugees, while the cats re- 
mained behind and were sometimes found living amid the ruins 
when the repatriated family returned. 

COMMUNALISM 

Communalism, as has been said, always implies division of labor, 
sometimes with physical differentiation, although in higher organ- 
isms increased intelligence may offset physical differences, the 
individuals being more adaptable to the various tasks of the com- 
munity and not necessarily limited to one or two. True com- 
munalism is found in but two groups of organisms, the insects and 
mankind; in each instance the final culmination of a long and im- 
portant evolutionary line. 


Insects 

Among insects two orders only are sufficiently advanced to in- 
clude communal forms: the Isoptera, termites or “white ants,’’ 
and the Hymenoptera, ants, bees and wasps. 

Termites (Fig. 31) are insects of a comparatively low grade of 
organization and bear no relationship whatever to true ants, 
their popular designation, “white ants,” having arisen from the 
fact that, like the former, they dwell in large communities with a 
complex social system. Members of the two groups of insects 
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Fig. 31. — Termites or white ants, Termes lucifiigus. - A, worker; B, soldier; 
C, complemental male or female; D, true winged male or female; E, gravid 
female, abdomen distended by the great reproductive mechanism. (A-C, E, 
from Claus-Sedgwick, D from Leuckart.) 
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may readily be told apart, as the termites lack the delicate pe- 
duncle that joins the thorax and abdomen in the ants, and are 
broad'Waisted creatures, yellowish white to light brown in color. 
Most of the termites are wingless, others have wings for a while 
which are afterward shed, many are blind, and all have slender 
antennae resembling strings of beads. 

Their social organization has carried with it a remarkable physi- 
cal differentiation so that at least four distinct castes are generally 
recognizable; they are not, however, as in the case of the Hymenop- 
tera, characterized by sex differences but include both males and 
females in each grade. The four castes are: 

First, the worker.^: small, blind, wingless, pale in color, with undevel- 
oped sexual organs, but with fairly well-formed jaws. In some species 
there are no workers, in others there may be two kinds. 

The second are the soldiers. These are also blind and wingless and sex- 
ually undeveloped. Their chief distinction from all the other castes lies 
in the greatly developed scissors-shaped jaws which, together with the 
enlarged head, are darker in color than the rest of the body, due to their 
being more strongly armored. 

The third caste consists of the coniplemental males and females, also 
blind and wingless, but with limited jwwers of procreation; otherwise 
they look not unlike the larger workers. Their duty is to supplement the 
production of young in the event of failure on the part of the chief sexed 
individuals. 

The fourth caste are the true or chief males and females. These differ 
markedly from the other castes in their darker color and in being possessed 
of both wings and organs of vision, as they alone are concerned with the 
external world, all of the others being subterranean creatures which so 
far shun the light and air as to build covered tunnels for communication 
where burrowing is impracticable. The true sexed individuals are pro- 
duced in great numbers, and in the spring emerge from their underground 
fastnesses and swarm forth on their mating flight. They are assailed by 
birds and other insectivorous creatures and countless numbers are de- 
stroyed before a suitable haven is reached. Ultimately they settle to the 
ground, such as survive the slaughter, and the wings are stripped off, 
breaking at a line of least resistance, so that only a stump remains behind. 

The males and females now pair and each pair under normal conditions 
are the potential founders of a new colony. The supposition is that they 
must be found by a group of workers, who then take possession of them 
and make them the royal, or more properly parental, pair of a new com- 
munity which these workers establish. Just how new colonies are formed 
in the familiar New England species, Termes flavipes, is not known, nor 
has a gravid true female ever been found, and it is within the possibilities 
that in spite of their numbers none of the chief caste ever succeed in sur- 
viving the mating flight, and that the young are produced entirely by the 
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complernental caste. Among tropical species — and they are very numer- 
ous, a<^pecially in Africa (see Drummond) and South America — the chief 
females, sometimes distended with eggs to many times their original size/ 
are frequently found. 

The young are all alike when first hatched, three moults being necessary 
to develop into large-headed individuals, and three more to form the 
latter into perfect soldiers. 

The termites have as commensal guests within their colonies 
many other kinds of insects of which more than a hundred species 
have been described. These are known as termitophiles or lovers 
of termites. The true ants have similar myrmecophiles, of which 
there are many more than in the present instance. 

Hymenoptera show all gradations of development from solitary 
forms to those among which there is a most intimate communal 
life. Gradational series may be illustrated by the bees and wasps. 
The ants, on the other hand, are entirely communal. 

Bees may he classified on the basis of habit and physiological 
development into three groups, vSolitary, gregarious, and com- 
munal, of which the hive bees have attained the highest develop- 
ment. The solitary bees need not be discussed, but as the social 
organization in the gregarious bees grades into the communal, a 
few may be described. Some of the technically solitary bees have 
a marked preference for onc^ another's company and thus show the 
beginnings of gregarious life. Near Stanford University there is a 
huge colony of a mining bee, Anthophora stanfordianay in which 
the vertical burrows are set as closely together as possible without 
interference, each burrow being the property of a single female 
bee. In this instance the hole is not filled with stored food and 
closed up as is usual, but the mother bee brings sustenance to the 
larva during its entire period of helplessness. 

Andrena^ the small mining bee, forms similar colonies; one re- 
corded village which covered only a square rod of ground including 
several thousand nests. Here a vertical tunnel is dug with indi- 
vidual cells branching out on either side, within which the eggs 
are laid, together with a portion of suitably prepared food, the 

^ In a tropical African species, Terrnes bcllicosus, the soldiers are fifteen times 
as large as the workers, and the fertile queen has her abdomen so enlarged and 
stretched by the thousands of eggs forming inside that it comes to be fifteen hun- 
dred or two thousand times the bulk of the rest of her body, and twenty or thirty 
thousand times the bulk of a laborer. The egg-laying capacity of such a female is 
given as sixty a minute, or eighty thousand and upward in one day of twenty-four 
hours (Kellogg). 
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cell being then sealed. The mother, having completed her do- 
mestic arrangements, waits in the mouth of the burrow for the 
issuance of the young. 

With yet another mining bee, HalictiiSj the smallest of all, while 
each mother makes her own nest-burrow with its stored cells, a 
number combine to form a common vertical passage to the open 
air, so that one entrance and corridor give access to a number of 
homes. Many such structures are placed close together in popu- 
lous communities. Thus, as Comstock says, while Andrena 
builds villages composed of individual houses, Halictus makes 
cities composed of apartment-houses.^^ 

In bumblebees the domestic economy is similar to that of the 
wasps, the colonies, for such they are, lasting but a season. These 
bees pair in the fall, the males die, and the impregnated females 
pass the winter sleeping in some underground crevice or hole. 
In the spring they issue forth and gather pollen and honey which 
is mixed together into a pasty mass and placed in some under- 
ground hole, that of a mouse or mole or one which the bee digs 
for herself. Several eggs are laid upon the mass of food, the re- 
sultant larvjB feeding thereon until they are full-grown, when each 
spins a silken cocoon within which it passes through the pupa 
state to emerge as a sterile worker bee. These workers then take 
over the labor of the nest, enlarging it and providing more food, 
and the mother simply lays eggs to the extent of several sexually 
sterile broods. In late summer or fall males and females are pro- 
duced which fly forth and pair. Then the males and workers 
gradually die off until only the pregnant females are left — the 
potential founders of next year's communities. 

^‘The strange case of the guest bumblebees, species of the genus Psithy- 
riis, is almost sure to come to the attention of any observer of bumblebee 
nests. In all general characters and total seeming truly bumblebee-like, 
found always in and about bumblel)ee nests, these insidious guests, 
cleverly living at the bountiful table of their host, present to us an inter- 
esting problem touching their deceptively .Bo??26?<s-like makeup. Are they 
really bumblebees, that is, bees directly descended from bumblebee stock, 
which have become degenerate and adopted a parasitic life, or are they 
bees of another stock, which, for the sake of successfully deceiving the 
bumblebees and thus gaining access to their nests, have gradually acquired 
(through long selection) the bumblebee dress and general appearance? 
The former supposition is the more probable. They are like bumblebees in 
so many structural details unnecessary for such deception that they must 
be looked on as a degenerate offshoot from the Bombidse. Having given 
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up the gathering and carrying of pollen, their tarsi are no longer provided 
with a pollen-basket (concave smooth surface, bounded by lines of long 
stiff incurving hairs) and by the absence of this arrangement they may 
always be distinguished from the true bumblebees. There is no working 
caste, infertile female workers, with these Psithyridae, each species being 
rex)resented by males and females only” (Kellogg). 

The honey or hive bees, Apis mellifica (Fig. 32), differ from the 
bumblebees in that the colonies are permanent and composed of 
a much greater number of individuals. These live in their wild 
state in a hollow tree, although those found wild in America are 
all escaped domestic swarms. The numbers in a colony vary from 
ten thousand in winter to fifty thousand in summer, of which but 
one individual is a fertile female, possibly several hundred are 
male or drones, and the rest sexually immature females or the 
workers, all three sorts being anatomically distinguishable. The 
queen is merely the mother, never working or gathering honey as 



Fig. 32. — Honey bee, Apis mellifica. A, queen (perfect female); B, worker 
(imperfect female) ; C, drone (male). (After Brehm, from Parker and Haswell.) 

with the bumblebees, while the drones act as consorts for the queen, 
only one in a thousand, perhaps, performing any real function for 
the colony at all. The workers build brood- and food-cells, gather, 
prepare, and store food, feed and otherwise care for the young, 
repair, clean, ventilate, and warm the hive, guard the entrance 
and repel invaders, feed the queen, control the production of new 
queens, and distribute the species, founding new communities, by 
swarming (Kellogg). Although the colony is permanent, its 
members die just as in human communities. The workers which 
hatch and labor in the spring and summer rarely live more than 
six or eight weeks, while those born in late autumn may survive 
the winter. Queens live from two to three, even five years, while 
the drones all die or are killed by the workers before the coming of 
winter. Feeble workers, larvae, and pupae are generally also slain. 

The ants, of which the total number of species has been esti- 
mated to be at least 5000 (Wheeler), are without exception com- 
munal, and have carried their societal evolution further than any 
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other animal, not even excepting the lower races of mankind. 
Wheeler says of them: 

^‘Ants are to be found everywhere, from the arctic regions to the trop- 
ics, from timberline on the loftiest mountains to the shifting sands of the 
dunes and sea-shores, and from the dampest forests to the driest deserts. 
Not only do they outnumber in individuals all other terrestrial animals, 
but their colonies even in very circumscribed localities often defy enumer- 
ation. Their colonies are, moreover, remarkably stable, sometimes out- 
lasting a generation of men. Such stability is, of course, due to the longev- 
ity of the individual ants, since worker ants are known to live from four 
to seven and queens from thirteen to fifteen years. In all these respects the 
other social insects are decidedly inferior. . . . Not only do the ants far 
outnumber in species all other social insects, but they have cither never 
acquired, or have completely abandoned, certain habits which must 
seriously handicap the termites, social wasps and bees in their struggle for 
existence. The ants neither restrict their diet, like the termites, to com- 
paratively innutritions substances such as cellulose, nor like the bees to a 
very few substances like the honey and pollen of the evanescent flowers, 
nor do they build elaborate combs of expensive materials, such as wax. 
Even paper as a building material has been very generally outgrown and 
abandoned by the ants. Waxen and paper cells are not easily altered or 
repaired, and insects that are wedded to this kind of architecture, not only 
have to expend much time and energy in collecting and working up their 
building materials, l)ut they are unable to move themselves or their brood 
to other localities when the nest is disturbed, when the moisture or tem- 
perature become unfavorable or the food supply fails. The custom of de- 
pending on a single fertilized queen as the only reproductive center or 
organ of the colony has also been outgrown by many ants. At least the 
more dominant and successful species have learned to cherish a number of 
these fertile individuals in the colony. Finally, the manifold and plastic 
relationships of ants to plants and other animals are in marked contrast 
with the circumscribed and highly specialized ethological relationships of 
the social bees and wasps. The termites undoubtedly reseml)le the ants 
most closely in plasticity, but . . . these insects, too, are highly specialized, 
or onesided in their development. This is best seen in their extreme sen- 
sitiveness to light, for this practically confines them to a subterranean 
existence and exc^ludes them from many of the influences afforded by a more 
varied and illuminated environment.’^ 

The social evolution of the ants parallels in a very remarkable 
way that of mankind and from this point of view they may be 
classed as foraging, herding, and agricultural ants, with lesser 
groupings as well. 

1. Foraging or marauding ants. The genus Eciton, the so-called driver 
ants, best illustrate this stage of savagery, especially on the part of cer- 
tain Brazilian species in which, in their long marches in search of booty. 
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the great army is said to be marshaled by big-headed officers and led by 
scouts! These ants make their expeditions to the nest of other ants for 
the purpose of capturing the larvsc and pupae which are used as food, and 
such as are not devoured are stored in the temporary nest, their captors 
being nomadic, and are used for some time after the foray is over. On their 
long niar(!hes they carry as booty the dead bodies of various insects as well 
as the helpless young of the pillaged ants. 

2. Slave-holding ants. Slave-holding seems to be a natural outcome of 
the hal)it on ihe part of the marauding ants of bringing home the larva) 
and pupa) of other ant colonies. Of course if all were devoured before 
emerging as adults, such a thing could not happen, but, as Kellogg says, 
the instinct of the hatched workers is to work, and so work they do; hence 
if any captives survived and their work was of advantage to the raider 
community, natural selection would do the rest. In the beginning there 
were no slave-makers but only raiders who raided for food, not for slaves. 
But by bringing home extra supplies of this food, which hatched and lived 
and worked in the new nest, evolution from food to slaves and from raiders 
to slave-makers has naturally taken place. 

Some slave-making ants are now absolutely dependent upon their 
captives for all work done in the colony, and one, Polyergus, has gone so 
far that it can neither dig nor care for its young or even keep itself from 
starvation in an abundantly stored nest without the aid of its slaves. 
^‘Specialization is leading Polyergus to its end!'' 

3. Herding ants. These are in reality commensal forms living in ben- 
eficial association with other insects, notably the aphids or plant-lice. 
The ants, however, as 

one would suppose, are B 

the masters and the 
aphids serve them as 
domestic cattle serve 
mankind. The economy 
can best be understood 
by a specific instance, 
that of the little brown 
ant, Lasius briirmeus, which gathers the young larvae of the corn-root louse 
in the fall and keeps them safe beyond the reach of any natural enemies un- 
til spring, when they are transported to the roots of certain weeds until the 
corn germinates, and then to the roots of the growing corn and herded there 
until mating time in the autumn, when they arc allowed to pair and their 
offspring preserved as before. Other species gather various plant-lice eggs 
which they conserve during the winter, colonizing them upon their proper 
food-plants in the spring. In return for this care the ants secure from the 
aphids the so-called honey dew which exudes from two tube-like processes, 
the honey tubes or cornicles, projecting from the upper surface near the 
end of the abdomen. The plant-lice readily yield the honey dew to the 
ants, though in some cases the ants may not feed upon it directly but upon 
a fungus which in turn grows upon the sweetish exudation accumulating 
upon the surrounding leaves. Certain of the aphids seem to be utterly 



Fig. 33. — Red ant, Formica rufa. A, male; B, 
worker; C, female. (After Brelim, from Parker and 
Haswell.) 
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dependent upon the ants for their well-being if not for their very ex- 
istence. 

4. Agricultural ants. These harvester ants, as they are perhaps more 
accurately called, belong to the genus PogononiynneXj of which nine 
species occur in America, especially in the West and South. They form 
communities, usually of considerable size, the nests being partly below, 
partly above ground in the form of large symmetrical heaps in open sunny 
places, generally where there is more or less grass. The nests are stored 
with seeds and grains, garnered from the surrounding grasses which are 
cut away in the area immediately contiguous to the nest. From this bare 
area well-worn trails diverge into the surrounding grass. The harvester 
ants have been said actually to plant their favorite grasses, especially 
that known as ant rice or Aristida, to the exclusion of other crops. This 
Wheeler has shown to be untrue, but a voluntary planting is simulated 
by the fact that chaff or sprouted seeds, which would be valueless as 
winter rations, are removed from the nest and dropped at the edge of the 
cleared circle and in many instances take root and grow, resulting in an 
unintentional sowing of seed, and as Aristida seeds make up a large part 
of the food-stores, a majority of the plants about the nest may be Aristida. 

5. Honey ants. There is a species, Myrmecocystus melliger, found in 
the semi-arid West, which McCook has especially studied in the Garden 
of the Gods, Colorado, where their mounds occur in hundreds. Certain 
of the workers through a curious structural modification may become 
greatly distended with honey so as to be as large as a small grape. These 
honey- bearers hang by their feet froih the ceiling of small dome-shaped 
chambers in the nest; their yellow bodies stretch along the ceiling, but 
the rotund abdomens hang down as almost perfect globules of transpar- 
ent tissues through which the amber honey shines. The honey is obtained 
by the workers from fresh (growing) cynipid galls on oak-trees, which ex- 
ude a sweetish sticky liquid which is brought in by foraging workers and 
fed to the sedentary honey holders by regurgitation. It is held in the crop 
of the honey-bearer, the distention of which produces the great dilation 
of the abdomen. The stored honey is fed on demand to the other workers 
by regurgitation; a large drop of honey issues from the mouth of the honey- 
bearer, resting on the palpi and lips, and is eagerly lapped up by the feed- 
ing individuals, two or three often feeding together. A somewhat similar 
honey ant, Prenolepis imparis, is common in California.’’ 

6. Thief ants. These are abundant tiny creatures, belonging to the 
species Solenopsis molesta, which live in association with several different 
species of larger ants, feeding upon the larvae and pupae, so that they are 
in a sense marauder ants, of which we have already spoken. The smaller 
galleries of the thief ants lie beside the larger ones of their hosts and oc- 
casionally open into them, so that the burglarous creatures, which are 
small and obscurely colored, can carry on their depredations with impu- 
nity, escaping into their own galleries, which the larger ants cannot enter, 
whenever they are detected and pursued. 

7. Commensal ants. These also live at the expense of associated species, 
but apparently give some return for the benefits enjoyed, which the thief 
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ants do not. One such instance, recorded by Wheeler, is that of the com- 
mon red-brown ant Myrmica brevinoides and the smaller Leptothorax 
ernersoni. The little Leptothorax ants live in the Myrmica nests, building 
one or more chambers with entrances from the Myrmica galleries, so 
narrow that the larger Myrrnicas cannot get through them. When needing 
food the Leptothorax workers come into the Myrmica galleries and cham- 
bers, and, climbing on to the backs of the Myrmica workers, proceed to 
lick the face and the back of the head of each host. A Myrmica thus 
treated 'paused,’ says Wheeler, 'as if spellbound by this shampooing 
and occasionally folded its antenn® as if in .sensuous enjoyment. The 
Leptothorax, after licking the Myrmica’s pate, moved its head around 
to the side and began to lick the cheeks, mandibles, and labium of the 
Myrmica. Such ardent osculation was not bestowed in vain, for a very 
minute drop of licpiid — evidently some of the recently imbibed sugar- 
water—appeared on the Myrmica’s lower lip and was promptly lapped 
up by the Leptothorax. The latter then dismounted, ran to another 
Myrmica, climbed onto its back, and repeated the very same performance. 
Again it took toll and passed on to still another Myrmica. On looking 
about in the nest, 1 observed that nearly all the I.eptothorax workers 
were similarly employed.’ Wheeler believes that the I^eptothorax get 
food only in this way ; they feed their queen and larvae by regurgitation. 
The Myrmicas seem not to resent at all the presence of the Leptothorax 
guests, and indeed may derive some benefit from the constant cleansing 
licking of their bodies by the shampooers. But the Leptothorax workers 
are careful to keep their queen and young in a separate chamber, not 
accessible to their hosts. This is probably the part of wisdom, as the 
thoughtless habit of eating any conveniently accessible pupjB of another 
species is wide-spread among ants” (Kellogg). 

Mankind 

The evolution of mankind forms the subject-matter of later 
chapters. He is to-day, especially in his more highly civilized 
state, the final product of communal life, for while much may be 
accomplished by man as an individual, it is only in cooperation 
with his fellows that his great supremacy over the brute and physi- 
cal creation may be manifest. None of man’s relatives among the 
primates are more than gregarious, and it is probable that, until 
the descent of the human precursor from the arboreal habitat, 
he was but gregarious also; terrestrial existence only permitting 
the development of true communal life. If this be true, his com- 
munal cooperation can hardly antedate the Pliocene and may 
well have had a still more recent beginning. Our fossil records 
show that of the two groups of insects whose societal evolution 
compares with that of man, the termites were physically perfected 
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by early Eocene, the ants during Oligocene time. The presump- 
tion is therefore that their evolution since these several dates has 
been purely societal. If this be true, their communal life in each 
instance antedates that of the sentient head of the animal kingdom 
itself, a fact which entitles these humble creatures to increased 
respect. 
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CHAPTER XVII 


PARASITISM AND DEGENERACY 

We have spoken in an earlier chapter (Chapter II) of the 
mutual dependence of associated organisms upon each other for 
protection, transportation, and food. Where this is a mutually 
beneficial partnership, we have called it commensalism or sym- 
biosis, but where one of the partners is unwilling and the benefit 
of the association is all with the other, it is called parasitism. 
Undoubtedly certain of these partnerships lie on the border line, 
and it seems equally true that many cases of true parasitism have 
arisen out of a benign association. 

Creatures which are not free-living, but depend upon others 
directly for their food are extremely numerous, and of these the 
ones bearing the relationship of parasite to host number, according 
to one authority (Eccles), more than half of all the animal creation. 
Hence as a means of adaptation for survival, parasitism must be 
looked upon as a remarkably successful device, although the re- 
sultant evolution may often be one of retrogression and ends 
in greater or less degeneracy according to the degree of parasitism 
and the relative rank of the animal at the beginning of its degenera- 
ting career. 

Bionomic Classification of Pahasites 

Aside from their natural taxonomic rank in the animal or plant 
kingdom,/ parasites may be divided bionomically into the following 
groups. ^ 

First, as to duration, parasites may be either Temporary or 
Permanent. 

Temporary or partial parasites are the creatures which, like many 
insects, are parasitic during but a portion of their life and free- 
living at other times. In some cases it is the adolescent which has 
become parasitic. This is true of the parasitic Hymenoptera, whose 
eggs are laid by being thrust by means of a special device (oviposi- 
tor) into the body of another insect, a caterpillar for instance, 
within which the entire larval state is passed, the parasite feeding 
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as a rule on the fat-body or other non-vital portions of its host, 
When its larval time is fulfilled, the parasite emerges through the 
body-wall, spins a tiny cocoon on the outside of its hpst, within 
which it pupates, and finally emerges as an adult fly of free life 
and habits totally distinct from those of its young. Another in- 
stance of a temporary parasite is the ordinary dog or cat flea, 
this time parasitic as an adult, living its adolescent life in the 
cracks of the floor where sufficient organic material is usually found 
to give it sustenance. Those whose parasitic career embraces the 
adult condition, as in this instance, show greater degeneracy than 
those parasitic as young, for the higher the animal is, the greater 
the fall, and an adult has generally attained a loftier plane of 
development than its young. 

Permanent or total parasites are such as have practically no free 
stage in their career, like the dreaded trichina worm to be described 
later on. This creature is found encysted in the flesh of one host 
and passes to the next through the latter having eaten of the first, 
and normally an indefinite number of generations may live their 
lives without ever being in the outer air. Permanent parasites are 
more frequently found among lower forms and always require a 
succession of similar hosts or a blood-sucking alternative host, while 
the great proportion of higher parasites are temporary.^ 

Parasites are also classified as to degree into Facultative and 
Obligate. 

Facultative or optional parasites are terms applied to the more 
adaptable sorts which, lacking their normal host, may turn to 
another, or even exist as free-living forms. Many parasites are 
facultative, although in some cases the new host may be closely 
related to the old. 

Obligate or compulsory parasites, on the other hand, are the less 
adaptable sorts, and require a definite host or succession of hosts. 
It is questionable whether very many parasites are^ictly obligate 
in the sense of requiring a restricted species. Certain tapeworms 
are such, however, the human tapeworm, Tdenid solium, being 
derived from the flesh of the swine, while T. saginata has for its 
alternate host the domestic cattle, and their adaptation to the 
human intestine is so perfect that they cannot be made to live 
anywhere else, for repeated experiments with monkeys, dogs, cats, 
sheep, goats, pigs, and rabbits have failed to establish these worms 
within them (Petrunkevitch). The tuberculosis organism, on the 
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other hand, is facultative, with, unfortunately, a rather wide range 
of hosts. 

The third grouping is with reference to the position of the 
parasite, whether upon or within the host. 

External or superficial parasites, which confine their depreda- 
tions to the outside of their host, are external or ectoparasites, 
such as the flea of which we spoke. External parasites, which 
are largely arthropods, may become degenerate but are rarely of 
such vital moment to the host in themselves; it is only when they in 
turn are parasitized and are thus the carriers of disease that they 
become a real menace. 

Internal or intimate parasites (endoparasites) are many, and 
while a large number of them have retained the primitive simplicity 
of their free-living ancestors, many of those which are zoologically 
high in the scale of life show a very marked degeneracy which is in 
some cases extreme. Many Protozoa, bacteria of disease, and 
especially worms of various sorts are included under this head. 
These intestinal parasites possess what is called an anti-body, 
which prevents their digestion by the fluids of the host, otherwise 
they would be thus destroyed. 

Effect of Parasitism 

On the Host.— The effect of parasitism upon the host is gen- 
erally a harmful one with no compensating benefit. i It does not 
invariably result fatally at once to the individual, but in many 
adolescent insects prevents their reaching the adult stage and 
therefore renders impossible the procreation of further generations. 
Again, it may either destroy or prevent the development of the 
sexual glands and in this way gives rise to the same result. In 
preserving the balance of nature, parasitism is undoubtedly one 
of the strongest factors, keeping naturally prolific creatures 
effectively in check. There is reason to believe that it has had 
much to do with the extinction of prehistoric races of animals, 
and^ Doctor Eccles has brought together some interesting data 
which bear upon this problem. He believes, and his observations 
are based upon extensive study of germ diseases, that apparently 
all animals of the present and past are infested by one or more 
parasites feeding upon the host, and that the parasites are them- 
selves infected by parasites. This is known as hyperparasitism and 
has been actually observed to the fourth degree. 
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In the course of time the surviving hosts become immune to the 
parasites and all goes well until new migrants arrive, bringing new 
parasites and therefore new diseases into the area. The new disease 
will cause immense destruction until the native animals, or the 
survivors of them, again attain immunity. Therefore times of 
renewed migration, which, as we have seen in our discussion of 
animal distribution, are concurrent with the formation of new 
migratory routes — land-bridges, forest tracts, removal of old- 
time barriers, and so forth — should be times of disestablishment 
and economic disorganization. 

Immunity to disease does not necessarily mean immunity to the 
parasite, but rather that the host has become capable of enduring 
the parasite within its system and at the same time showing every 
manifestation of perfect health. Nevertheless such an individual 
may be a carrier of the disease of the most insidious sort, as medical 
practitioners have learned to their sorrow. One notable instance 
in point is that of the cattle-infesting Texas fever which has been 
thus graphically described by Doctor D. E, Salmon. He says: 

^^The cattle which spread the disease are, themselves, appart;ntly in 
good health, while the cattle that become sick do not themselves dissem- 
inate the contagion. Again, susceptible cattle might be mingled with 
impunity with cattle from the infected district, providing this mingling 
occurred immediately after their arrival, and did not continue longer than 
two or three weeks; while, on the other hand, susceptible cattle that later 
in the season trespassed for even a few minutes on the pastures where 
the infectious cattle had been would contract a most violent form of the 
malady. . . . Texas fever is caused by a microscopic parasite, which lives 
within the red globules of the blood. The cattle in the infected district 
carry this parasite permanently, and are so nearly immune to its effects 
that they remain in good health, notwithstanding its presence in their 
blood. Not so, however, with cattle which never before have encountered 
it. With such animals it destroys the red corpuscles and reduces them to 
one third or one fourth the normal number. An intense fever is produced, 
and the creatures rapidly waste away and die after a sickness of one or two 
weeks.” 

The East Coast fever of Africa, which is very similar, is caused by 
a very closely related parasite which likewise lives in the red cor- 
puscles of its host. Infected East Coast cattle show no ill effects, 
but are carriers” of the disease. Non-immune cattle brought into 
the East Coast region are open to certain attack, and the assertion 
has been made that out of each hundred which are thus assailed 
but five on the average survive. In one epidemic, due to the 
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introduction of infected animals into the Transvaal, 15,000 cattle 
died. In trypanosomiasis (sleeping sickness) we have another 
instance of this same condition. Notwithstanding the fact that 
there may be no sick animals in the fly country of Africa, no 
horses, cattle or dogs can venture, even for a day, into the region* 
Most of the wild animals, how- 
ever, the buffalo, koodoo, and 
wildebeeste or gnu, carry the 
trypanosomes in small numbers 
in their blood, and it is from 
them that the tsetse fly obtained 
the parasite. The wild animals 
act as reservoirs of the disease. 

The trypanosome seems to live 
in the blood of the wild animals 
without doing them any mani- 
fest harm, but when introduced 
into the blood of such domestic 
animals as the horse, the dog, 
or the ox, the victims rapidly 
sicken and die. 

On the Parasite. — The effect 
of parasitism on the parasite, 
which may be much or little, on 
the part of the higher forms at 
least is invariably one of degen- 
erative specialization, the para- 
site being below the standard 
of its free-living congeners. Of 
course, simple ancestors imply 
little or no degeneracy; on the 
other hand, the retrogression 
may be profound if the parasite 
be one of high^descent. In temporary parasites the alteration may 
not be so decided as in permanent ones, but it varies with the 
degree of adaptation to parasitic life. 

Parasitic organisms, like sedentary forms, are apt to lose their 
organs of locomotion and develop instead structures for attach- 
ment or adhesion, such as tentacles, hooks or suckers. Correlated 
always with the diminution of locomotive powers is that of the 



Fig. 34.— Parasite which causes dis- 
ease among cattle, Trypanosoma Ihei- 
lerij from the blood of cattle in Trans- 
caucasia, X 3000. (After Liihe, from 
Calkins.) 
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organs of special sense, the only sense remaining in extreme in- 
stances being the tactile, which is a primordial function of proto- 
plasm itself. The nervous system as a whole shows degeneracy. 
There may also be a simplification of the external skeleton as in 
arthropods, especially if the parasite be internal. 

Parasitism often means reduced metabolism and a consequent 
reduction of the vegetative organs, such as those of respiration and 
circulation, and especially of the alimentary canal, wherein the 
digestive glands are the first to disappear, for, as in certain intesti- 
nal worms, notably A scans j the organism lives virtually in pre- 
digested food which only awaits absorption. In the tapeworms 
the extreme is reached, for in them there is no trace of alimentary 
canal at all, the nutrient medium in which the animals live being 
absorbed directly through the body-wall of the flattened de- 
generate. 

The reproductive organs alone suffer no diminution, but on the 
contrary may become still more highly developed, especially among 
internal parasites, for among these in particular the vicissitudes’ 
attending the organism during its life cycle and especially during 
its migration from host to host are great, and fecundity must needs 
be proportionately increased. Hermaphroditism frequently char- 
acterizes the parasite and in some instances self-impregnation 
seems to occur. Parasitic plants lose many organs but never the 
blossoms, which are often of wondrous beauty, as for instance, 
certain of the orchids. 

Value of Recapitulation 

Were it not for the assumption, therefore, that the life history of 
the individual tends broadly to summarize the evolution of its 
race, and that the earlier stages in ontogeny may repeat those in 
the phylogeny, taxonomic (f. c., zoological or botanical as opposed 
to bionornic) classification of some parasites would be virtually 
impossible. For example, in the crab parasite, Sacculina (Fig. 35), 
we see so extreme a state of degeneracy that the creature is 
reduced to a condition not unlike that of a tumor growing on the 
under side of the host’s abdomen (see Fig. 35,C). Dissection shows 
this tumor to possess nothing comparable to an alime^itary canal, 
but in its stead a large growth of ramifying processes, like rootlets, 
extending through every portion of the crab’s anatomy, even to 
its eyes, and serving to extract nutritive juices just as the rootlets 
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Fig. 35. — The nadir of parasitism, Sacculina carcini. A and B, larval (nau- 
plius) stages; C, crab, Carcimis moBnas^ with a mature Sacculina in situ, show- 
ing ramifying “roots” (omitted from left side) which extract nourishmeni 
from the crab. (After Delage, from Leuckart.) 
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of a plant absorb nourishment from the soil. Within the body of 
the parasite are a decidedly reduced nervous system and enor- 
mously developed reproductive organs. Such is Sacculinaj and as 
such its classification is impossible until its life history is revealed, 
when its taxonomic rank is at once manifest. 

Sacculina is at the nadir of parasitic degeneration. But what of the life 
history? Out of the brood chamber there emerge Nauplius-larvin, with 
three pairs of appendages, without food-canal but possessing a median eye. 
They pass into the second — a blind Cyprid larval stage. These fix them- 
selves, just like barnacles and acorn-shells, by means of their first pair of 
feelers, to the back or limbs of young crabs, finding a soft place at the base 
of the large bristles or setse. All but the liead region is cast off ; the struc- 
tures witliin the head contract; eyes, tendons, pigments, and the remains 
of the shell are all lost; and a tiny sac sinks into the interior of the crab. 
Eventually it reaches the ventral surface of the abdomen, and, as it ap- 
proaches maturity, the cuticle of the crab softens beneath it, so that the 
sac-like body protrudes. It seems to live for three years, during which 
the growth of the crab is arrested. The reproductive organs of female 
crabs are partially or completely destroyed, while the males either take 
upon themselves female characteristics in varying degree or become actu- 
ally hermaphroditic (Thomson). 

The life history of Sacculina up to the time of its fixation is 
therefore essentially as in other barnacles, hence its inclusion with 
them in the order Cirri pedia. And the larval stages — the Nauplius 
and Cypris — are found in many other Crustacea, and therefore 
the barnacles are included within that class. As adults the diag- 
nostic crustacean features are certainly conspicuously absent in 
Sacculina j so that it may be said of them, although in a perverted 
sense, By their fruits ye shall know them.” 

Examples of Parasites 

Sporozoa. — One group of Protozoa, the class Sporozoa, is com- 
posed exclusively of parasites. It is possible, therefore, that their 
general similarity, shown in the absence of locomotor organs and 
in their mode of reproduction by means of spores^^ may be due to 
convergent characters resulting from their parasitic mode of life. 
In other words, instead of a natural group of related organisms, 
we may be dealing with a heterogeneous assemblage derived from 
several more or less remote ancestral stocks. The Sporozoa are 
all internal parasites, some of which inhabit the digestive tract of 
tlmir host, others the cceiome or body cavity, others the cells, and 
yet others find lodgment in the very nuclei of the cellsithemselves^ 
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Finally, some are blood-inhabitants. In many cases there may 
be modifications of these several modes of life or combinations of 
them. Of such is the malaria organism, the genus Plasmodium, 
several species of which give rise to the disease known as malaria 
in the human being. The three undoubted species are Plasmodium^ 
vivax, producing tertian fever in which there is an attack every 
forty-eight hours; Plasmodium falciparum, giving rise to the perni^ 
cious autumnal or malignant malaria characterized by daily or 
more or less constant fever; and P. malarix, producing quatrain 
fever which gives rise to paroxysms every seventy-two hours. The 
significance of these attacks is that they coincide with the periods 
of schizogonous (Gr. to split) reproduction of the parasite, 

during which it migrates to new blood corpuscles. At such times 
there is a decided anemia and poisoning which give rise to fever 
and other bad conditions due to the impoverishment of the blood. 
Even death may ensue. The parasite therefore reproduces by the 
formation of “spores,” but ultimately, sex elements, male and 
female, may be developed; actual sexual reproduction does not, 
however, occur in the human host. If the person is then bitten 
by an Anopheles mosquito, the latter^s digestive fluids destroy 
all of the malaria organisms contained in the extracted blood except 
such as are in this sexual stage. These then pair and the fertile 
cell bores into the walls of the mosquitoes gut where it gives rise 
to many spores which are finally liberated into the body cavity, 
whence they are carried by the blood to the salivary glands and 
there come to rest. Upon biting another person, the mosquito 
injects a tiny portion of saliva into the wound — hence the sting — 
and with the saliva comes the malaria germ. 

As these organisms are all of the same brood, their subsequent 
periods of reproduction coincide, so that a constantly increasing 
number of spores is liberated at stated intervals, depending upon 
the species, until ultimately the numbers are incredibly large, and 
the effects upon the patient proportionately severe. Plasmodium 
is therefore a permanent, obligate parasite, but as its ancestors 
were lowly forms, there is probably no very marked degeneracy as 
a result of its parasitic adaptation. 

Worms. — Among the roundworms, Nemathelminthes, there is a 
very terrible human parasite with a relatively simple life history. 
This is Trichina spiralis, a somewhat facultative type, asTt has 
been recorded from the rat, dog, cat, pig, and man. Trichina 
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(see Fig. 36) lives encysted in a state of quiescence in the voluntary 
or skeletal muscles of its host. Each worm is coiled in a char- 
acteristic spiral within the limits of a single muscle fiber, and is 
surrounded by a small, limy, lemon-shaped cyst. If the host is 
eaten by another — the imperfectly cooked pig, for instance, by 
man — the acid of the gastric juice dissolves the cysts and liberates 
the worms. These are of separate sexes and immature, but they 
soon grow up, pair, and the females give birth to a thousand off- 
spring each. These bore through the walls of the stomach and are 



Fig. 36 . — Trichina spiralis embedded in muscle. 1-3, Trichina in the intes- 
tine of the pig; 4, Larvae in the blood of the pig; 5-7, Trichina in muscle. 1, 
female, with living larvae ; 2, male ; 3, same, showing hinder end with copulatory 
organ; 5, Trichina in muscle, not yet encysted; 6, same, encysted; 7, beginning 
of calcification of the cyst. All greatly enlarged. (After Esokor and Fiebiger, 
from Dofiein.) 

carried by the blood stream to adjacent voluntary muscles such as 
the diaphragm. Here the creatures enter and pass between the 
muscle-fibers for a certain distance and finally pierce the membrane 
surrounding some one fiber, enter, coil, secrete the surrounding 
cyst, and the life cycle is completed An ounce of infected pork 
has been estimated to contain 80,000 worms of which perhaps half 
are females, and if each produces 1000 young, the surprising total 
of 40,000,000 worms may be derived from a single ounce. The 
trichina population of a diseased man has been calculated to equal 
100,000,000 — the population of the United States in 1915! After 
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encystment is accomplished, the patient, if he has survived, re- 
covers, but grievous symptoms diagnostic of the disease trichinosis 
are manifest during the period of parasitic activity and in a cer- 
tain percentage of cases death ensues. 

Trichina is a permanent parasite, never having a free-living 
stage; it does not, however, show marked degeneracy except that 
it is capable of withstanding long periods of quiescence — ten years 
at least, how much longer is unknown. Alternate hosts of different 
species are unnecessary, provided cannibalism exists. 

/'^mong the flatworms, Platyhelminthes, there are numerous 
parasites, of which one of the most interesting from the stand- 
point of its life history is the liver-fluke, Fasciola hepaticay which 
inhabits the liver and bile ducts of the sheep, deer, and certain 
other grazing animals. This is a rather large worm, as such forms 
go, at least an inch in length, flattened, leaf-like, and provided 
with suckers for attachment and the getting of food. The worms 
are hermaphrodite and the reproductive organs, both male and 
female, occupy a large portion of the animal’s interior economy. 
They are thus highly prolific and their parasitical degeneracy is 
manifest in that they are self-fertilizing. The eggs thus produced 
pass down the bile ducts and through the intestine to the outer 
world, where each hatches into a minute larva, ciliated outside, 
and provided with eyes. The eggs soon die if the ground is dry, 
but if they fall upon moist ground they may survive for several 
weeks, and if into a pond the larvse soon emerge in search of a 
new host.' 

This new host is a pond snail {Lymnseus truncatulus or minutus) 
or even a Helix will do, any of which Fasciola enters by way of 
the respiratory aperture. Established within the respiratory organ 
of the snail, the larva loses eye-spots and cilia and changes into a 
sporocyst, within which develop a number of bodies known as 
redise, which are asexually produced larvse of a second sort, pro- 
vided this time with digestive organs. Each redia usually gives 
rise to more redise, and these in turn to the third larval form known 
as cercariae, which also have a digestive system, suckers, the rudi- 
ments of other organs as well, and a well-developed locomotor tail, 
so that the creature resembles superficially a minute tadpole. The 
cercariae are no longer content with the snail for a host, but pass 
out of it, being distributed by its wanderings, leave the water, 
climb up a blade of grass, lose the tail, form over themselves a 
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flattened, circular, limy cyst and lie in wait for the sheep. The 
latter eat the grass, cyst and all, the cyst dissolves and the cercaria 
is liberated. It now passes up the bile duct from the intestine to 
the liver and grows up directly into a fluke. This very roundabout 
process is the only way whereby the parasite may be perpetuated 
within the sheep. 

/feeveral interesting biological principles are here illustrated: 
Generations of asexually produced forms for rapid multiplication, 
the precocious production of offspring by immature young (psedo- 
gencsis, from Gr. Trais, child), the development of sensory and 
locomotive organs where the creature is free-living, and their ab- 
sence and the substitution of adhesive suckers during parasitic 
existence, and, finally, as a mark of degeneracy, hermaphroditism 
and self-impregnation, the latter being avoided by nature in that 
it apparently defeats the original purpose of sex. 

The tapeworms of the genus Txnia are curious, ribbon-like forms con- 
sisting of a head-like organ or scolex, provided with suckers and some- 
times with hooks for attachment; beyond the scolex are a number of 
transverse constrictions which divide the animal into a great many sec- 
tions or proglottids, each of which is a sexually complete hermaphroditic 
unit. There is no digestive system, for, as has been said, the creature feeds 
by absorbing the already digested food in the alimentary canal of its host; 
other organs, nervous and excretory, are present, but in common with 
other internal parasites the organs of procreation dominate those of every 
other system. No locomotor or sense organs are i)resent, but the creature 
can make feeble worrn-like movements. At about the two hundredth seg- 
ment beyond the scolex, where they are produced by a process of trans- 
verse constriction (strobilization), the male organs begin to appear, and 
further back toward the hinder end of the body the female organs become 
mature in segments which were originally male. Pairing is effected, per- 
haps with the anterior proglottids of the same worm, and the other organs 
then become reduced, owing to the great development of the brood- 
chamber or uterus. The first completed eggs are found in the four hun- 
dredth to five hundredth proglottis and from this point backward they 
rapidly increase until a great number are contained in the much branched 
uterus. The ripe proglottids are detached and pass out of the host to the 
ground, where for a time they move by contraction. Within the eggs in 
the meantime the embryos have become rounded bodies each armed with 
six hooks (hexacanth embryos). If the progiottis or the eggs should now 
be taken into the alimentary canal of a pig, the second host, the hooked 
embryos become free and bore their way by means of the hooks until they 
reach the voluntary muscles, where they come to rest. Here they increase 
greatly in size and develop into the proscolex, containing a large cavity 
filled with a watery fluid. On the wall of the proscolex a hollow ingrowth 
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is formed, on the inner surface of which suckers and hooks characteristic 
of the head or scolex of the adult develop. Then the hollow ingrowth turns 
right side out, so that these organs come to lie on the outer surface. Thus 
the bladder- worm or cysticercus is formed, having a bladder-like expan- 
sion to which is attached a structure comparable to the head and neck of 
a mature worm. If the flesh of the pig is now eaten by man, without being 



Fig. 37. — Tapeworm of the pig, Tsenia solium. A, entire specimen, reduced: 
c, head; B, head or scolex, showing adhesive hooks and suckers, enlarged; C, 
proglottid or segment, enlarged, with mature reproductive apparatus: ex^ ex- 
cretory canal; n, longitudinal nerves; ov, ovary; genital pore; shy shell 
gland; ut, uterus; w, vagina; vd, vas deferens; vit, vitteline gland. (After 
Leuckart, from Parker and Haswell.) 

adequately cooked or salted, the worm is liberated, the bladder abandoned, 
the head attached to the intestinal wall, and a new tapeworm developed. 
Except for the short period which the mature proglottids spend before 
being devoured by the swine, this parasite is entirely internal and in con- 
sequence shows marked adaptations for that sort of life and none whatever 
for life in the open. Its powers of multiplication are enormous. Petrunke- 
vitch tells us that Txnia solium may live for from five to 15 years, during 
which time from two to five proglottids are broken off daily and pass out of 
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the host’s alimentary canal. Each of these contains between 20,000 and 
50,000 eggs, so that the yearly production may be as great as 18,200,000 
and the total upwards of a quarter of a billion! In Txnia saginata^ which 
is much more common, there may be as many as 1,368,750,000 eggs pro- 
duced by a single worm, yet but one survivor is necessary for the continua- 
tion of the species, which shows how great a premium must be paid to 
insure perpetuation. 


Crustacea. — The arthropods also embrace a host of forms which 
are parasitic — crustaceans, arachnids, and insects — and in the last 



Fig. 38. — Parasitic Crustacea (Eucopepoda). 
A, Ergasilus; B, Chomir acanthus; B', same, 
mfde (^?^), enlarged; C, Lesteira; D, Lemaea; 
es, egg sacs. (After Parker and Haswell.) 


there are parasitic forms 
in as many as five orders 
out of thirteen. Among 
Crustacea some curious 
instances may be cited, as 
in Ergasilus (Fig. 38, A), 
which is parasitic upon 
the gills of the bass. It is 
recognizable as a copepod 
crustacean, but parasitic 
adaptation shows in the 
modification of the an- 
tennm into hooks for ad- 
hesion, reduction of legs, 
loss of eyes, and very 
large egg sacy Another 
example is Lerndea (Fig. 
38,D), in which, as in Sac- 
culina, all trace of seg- 
mentation is gone and 
the feet are reduced to 
the merest vestiges. Its 
maxillse are adapted for 
piercing the skin of the 
host and sucking its 
blood. The egg sacs are 
very large. (Fig. 
38,C), ahother copepod, 
is more degraded than 


Lemdeay adhering between the skin and flesh of a fish (Genyvterus 


blacodes) by means of its swollen head, the rest of the body being 
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free. Chrondr acanthus (Fig. 38, B) has nothing to suggest a cope- 
pod except the characteristic egg capsules. The female is parasitic 
upon the gills of certain fishes and is curiously lobed. These 
lobes may, however, be recognized as antennules, hooked an- 
tennse which serve as organs of attachment, mandibles, and two 
pairs of legs. The male is less degenerate but is permanently at- 
tached to the female, so that she is parasitic upon the fish and he 
upon her. 

A much less degenerate parasite is that infesting the carp — Argur 
lusy the carp-louse. While having special sucker-like organs for 
adhesion, which are modified limbs, it nevertheless crawls freely 
over its host. 

Sacculinay the most degenerate parasitic crustacean, has already 
been described. 

- Insects. — Of insects which subsist wholly or in part upon other 
organisms there are hundreds of species, some remarkably de- 
graded, others showing but little alteration from the organization 
of their non-parasitic allies. As one would expect, these latter are 
free-living as adults and only parasitic in their adolescent condition. 
Usually parasitism on the part of adults implies the loss of wings 
as in the bird-lice (Mallophaga), true lice, scale insects, fleas, 
shet^p ticks, and the like. In one rather rare group (Strepsiptera), 
the creatures live upon bees and wasps as hosts during the larva 
and pupa state and in the female during the adult condition as well. 
The male, however, develops wings as an adult, otherwise, as these 
are solitary parasites, but one to a host, mating could hardly be 
effected.,* 

In none of the parasitic insects are such complex life histories 
known as among the worms, although some of them, notably the 
lice and ticks, have evidently had a long parasitic career, as their 
adaptation is extreme. 

.Mollusca. — Among other invertebrates, the echinoderms and 
sponges have no undoubted cases of parasitism, although the 
sponge Cliona bores into the shells of living molluscs, which it 
subsequently destroys; and among the molluscs, parasitism is 
rare, as the creatures have met the demands of the struggle for 
existence in other ways which have proved fully as effective. One 
interesting instance of parasitism is that of the larva of the 
fresh-water clams Anodonta and Unio. Normally, pelecypod 
molluscs have a ciliated mero-planktonic larva, but in the fresh- 
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water forms they become parasitic in the way to be described 
Fertilization is effected in the outer chambers of the femaft 
clamps gill and the developing young remain in this brood-pouch 
until it is distended with the tiny creatures held together by 
the entangling of the threads which are secreted by each larva. 
This mass is shortly expelled from the mother and lies on the 
bottom of the stream until it comes in contact with some passing 
fish, to which the young clams attach themselves by means of the 
hooked shell valves. IJjiio larvae usually attach to the gills, Ano- 
donta to the skin or fins. Here they become encysted by an over- 
growth of the skin of the host and are nourished by its juices j 
They are thus true ectoparasites for a period of about ten weeks, 
at the end of which they ha^e metamorphosed sufficiently to 
assume the normal free life of the clam. This parasitism evi- 
dently has for its major purpose the retention of the species in the 
rivers, for were the larvae ordinary plankton like those of their 
salt-water relatives, the species could not maintain themselves in 
their flowing habitat, but would be swept out to sea beyond the 
possibility of return. Relative scarcity of microorganisms for 
food may be a secondary cause, but for the maintenance of habitat 
this parasitism is not only adequate but also justifiable. 

Vertebrates. — The vertebrates include few true parasites among 
their numbers, though the degraded hag-fishes are on the border 
line between predatory and parasitic forms. There are, however, 
many instances of commensalism in some of which the mutual 
advantage may be quite unequal. Instances of vertebrate parasit- 
ism are the bitterling, a small, fresh-water fish, whose young are 
temporary parasites in the gills of mussels, and certain deep-sea 
angler fishes, in which only the females were known. Recently, 
however, the males were discovered, which after a brief period of 
normal freedom became degenerate parasites upon the body of 
the female. 


Summary 

Weismann thus summarized the problem of parasitism: ^^The 
most convincing proof of the organism ^s power of adaptation is to 
be found in the fact that the possibility of living parasitically within 
other animals is taken advantage of in the fullest manner, and by 
the most diverse groups, and that their bodies exhibit the most 
marvellous and far-reaching adaptations to the special conditions 
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prevailing within the bodies of other animals. We have already 
referred to the high degree reached by these adaptive changes, 
how the parasite may depart entirely from the type of its family 
or order, so that its relationship is difficult to recognize. . . . 

*‘If we consider the number of obstacles that have to be over- 
come in existence within other animals, and how difficult and how 
much a matter of chance it must be even to reach such a place as, 
for instance, the intestine, the liver, the lungs, or even the brain 
or the blood of another animal, and when, on the other hand, we 
know how exactly things are now regulated for every parasitic 
species so that its existence is secured notwithstanding its de- 
pendence upon chance, we must undoubtedly form a high estimate 
of the plasticity of the forms of life and their adaptability. And 
this impression will only be strengthened when we remember that 
the majority of internal parasites do not pass directly from one 
host to another, but do so only through their descendants, and 
that these descendants, too, must undergo the most far-reaching 
and often unexpected adaptations in relation to their distribution, 
their penetration into a new host, and their migrations and change 
of form within it, if the existence of the species is to be secured. 
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CHAPTER XVIII 


ADAPTIVE RADIATION 

Adaptation to environment is one of the most obvious and at 
the same time remarkable qualities of living organisms; in fact, 
it sums up nearly the whole result of evolution, and the real 
cause of it all lies in the germ-plasm itself, although it is mani- 
fest only in the somatoplasm of the animal. Operating in dis- 
similar or unrelated groups whose life conditions are comparable, 
it has given rise either to parallelism or to convergence, so that 
animals of remote stocks have come to look and act alike in so 
remarkable a way that one sometimes imagines relationships 
where none actually exists. Such creatures have been called homo- 
plastic (Gr. ogos, same + TrXAs/xa, anything molded, e, g., by envi- 
ronment) in contradistinction to homogenetic (Gr. ykvos^ race) 
forms. Convergence is especially manifest in features concerned 
with locomotion, food-getting, offense, and defense. 

The converse of this is known as divergence, where creatures of 
the same or closely related stocks have gone their several ways in 
their search for food and safety, giving rise to such varied adap- 
tation that the several extremes of evolutionary lines depart 
markedly, not only from the norm or stem form, but also from 
each other. This idea of divergence under new and strange con- 
ditions is not new but was recognized by Lamarck, who called it 
^^embranchement” and by Darwin, who used the term “diver- 
gence’’ itself to express the idea. Finally Osborn clearly stated it 
in the form of a law which he first called adaptive radiation. This 
law may be re-stated in his own words: 

Law of Adaptive Radiation. — “Each isolated region, if large and 
sufficiently varied in its topography, soil, climate, and vegetation, 
will give rise to a diversified . . . fauna. The larger the region 
and the more diverse the conditions, the greater the variety of 
mammals which will result. From a primitive stem form radii go 
out in four diverse directions, the adaptations being mainly those 
of limbs and feet — also of teeth, but that of the teeth and feet do 
not necessarily parallel.” 
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Living chiefly or 
wholly underground 
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While the term adaptive radiation fairly describes the process 
as it occurs when the vertebrate classes are considered, yet adaptive 
branching more accurately expresses what takes place in the orders 
and families, which do not radiate in all directions, nor always in 
straight lines, but in branches that often turn and change their 
direction. 

Osborn applied his law mainly to the mammals, but it is equally 
true of other groups such as the reptiles, especially during the 


ADAPTIVE RADIATION {Teeth) 



The adaptations appearing under each of these radii will be discussed in detail in this 
and subsequent chapters. 

Mesozoic, before the mammals came to their own. The central 
or focal type is conceived as a short-limbed, ambulatory form, 
with five clawed digits upon the approximately equally developed 
feet. It was small and generalized in its feeding habits, insectiv* 
orous (that is, devouring insects, worms or such creatures) or om- 
nivorous and therefore with simple short-crowned teeth. 

The impelling causes of adaptive radiation are the need of food 
and the need of safety, and while the minor roads along which 
evolution is possible are many and devious, they all lead in four 
general directions : over the earth ^s surface where speed would be- 
come the great desideratum (cursorial), beneath the surface to the 
subterranean realm (fossorial), above the surface into the trees 
(scansorial), or finally into the air (volant) and into the water to 
become denizens, wholly or in part, of the aquatic realm. Sub- 
terranean life results in degenerative specialization, so that a re- 
turn of fossorial creatures to the terrestrial habitat is rare, while 
the aquatic realm modifies its inhabitants so profoundly that there 
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is no known case of a return on the part of a lung-breathing form 
which has been adapted to aquatic life. These two roads — to the 
waters and the subterranean fastnesses — are one-way trails along 
which many go but none return. 

Primary and Secondary Acquired Adaptations. — Adaptations 
are direct or primary if they lie in the original direction of 
adaptation, outward along any of the four radii (see page 247), as 


from terrestrial through 
scansorial to volant; or 
they may be reversed or 
secondary, when the re- 
turn direction is indi- 
cated. While from the 
nature of its flying 
mechanism, which in- 
volves the hind limbs, it 
is, as we shall see in Chap- 
ter XXII, impossible to 
conceive of a second- 
arily flightless mammal 
such as the bat, nor are 
any such recorded; 
nevertheless there are 
many instances of flight- 
less birds, which have 
reverted to their original 
environment. They were 
probably ground or sea 




birds, however, before 
flight was lost. There is 
thus a reversal of the di- 
rection of evolution, but 
this does not actually 
contradict the law of 


Fig. 39. — Hind feet of marsupials. A, opos- 
sum, Marniosa piisilla^ with grjisping hallux, 
arboreal; B, kangaroo, Macroptis dorsalis, with- 
out hallux, digits II and III syndactyl, curso- 
rial; C, tree kangaroo, Deridrolagus urs'imis, 
without hallux, arboreal (secondarily). (After 
Bensley.) 


irreversibility of evolution, which says that an organ once lost can 
never be regained and that a specialized form can never again be- 
come generalized, A further example will make this clear. The mar- 
supials are either all arboreal to-day or give evidence in their anat- 
omy of arboreal descent. One striking arboreal feature is a grasping 
great toe or hallux on the hind feet (see Fig. 39, A). This, being off- 
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set, opposes usually the fourth digit, thus forming an admirable 
prehensile organ whose grasp of a branch it is difficult to loosen. 
The terrestrial kangaroos, on the other hand, have become adapted 
in a wonderful way for speed over the earth’s surface, and among 
other things have entirely lost this grasping hallux (see Fig. 39,B), 
as reduction of the lateral digits, much or little, invariably accom- 
panies evolution for speed. There is, however, a tree kangaroo, 
DendrolaguSy which is very much at home in its arboreal retreat; 
having no grasping great toes, it has to rely upon its claws and 
broadened soles for security (see Fig. 39,C) and they are well 
suited to the task, although the hallux would undoubtedly be 
better. Dendrolagus, while arboreal, shows in the loss of this useful 
member a terrestrial ancestry, and back of that, in common with 
all marsupials, an arboreal one. Hence for it the course of adapta- 
tion has been rcversc^d, but the reversal is one of function and not 
one of structure, for however useful the grasping hallux might be 
in the present environment, its loss during the terrestrial career of 
the ancestors is irrevocable. While the atrophied organ therefore 
is lost forever, its old-time function may be secondarily acquired 
by other organs should the need arise. 

Other instances would be those of marine reptiles like the ich- 
thyosaurs, or whales among mammals, both of which were derived 
indirectly from a fish ancestry, but which during the subsequent 
terrestrial life of their later progenitors lost the water-respiring 
gills. Perhaps the greatest menace to the safety of the modern 
whale is the necessity of rising to the surface to breathe, but the 
loss of gill-breathing is irrevocable and no organ apparently has 
been able to take its place (see Chapter XX). Primarily these 
forms were terrestrial animals, secondarily they have in many 
marvellous ways been adapted to the new environment, but owing 
to the law of irreversibility their adaptation apparently may never 
be perfected. Rodents are normally gnawing, herbivorous, terres-^ 
trial animals, certain ones being aquatic and fish-eating, the musk- 
rat devouring both fish and fresh-water clams. 

Local Adaptive Branching. — The law of adaptive radiation 
which has been cited refers to evolution on a broad scale and in- 
cludes the entire mammalian or reptilian fauna of a continent. 
Local adaptive branching, on the other hand, is restricted to the 
differences arising within a group of closely related forms whose 
life habits are in the main similar. Africa supports to-day two 
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very distinct types of rhinoceros — the square-mouth or white and 
the pointed-lip or black rhino (see Fig. 40). With the sciuare lip 
go long-crowned or hypsodont (Gr. ui/'t, on high, and odovs, tooth) 
teeth, while the pointed lip is correlated with short-crowned or 
brachyodont (Gr. ^paxvs, short) grinders. The differentiation 
is one therefore of feeding habits, the first largely grazing, the 
second browsing, and the local distribution of the two types is in 
harmony with this distinction in that the square-mouth rhino in- 
habits the open country, especially the broad grassy valleys be- 
tween the tracts of brush south of the Zambesi River, while the 
pointed-lip species, on the other hand, is found in the wooded and 
watered districts from Abyssinia to Cape Colony. Geographically 



Fig. 40. — African rhinoceroses. A, square-mouth or white rhinoceros, Rhi- 
noceros sirmis; B, pointed-mouth or black rhinoceros, R. bicornis. (From Brit- 
ish Museum Guide to Great Game Animals.) 

therefore the range of the black rhinoceros includes that of the 
white, but is more extensive, as the species is far more common; 
locally the two habitats are distinct and have given rise to feeding 
and consequently structural differentiation. Similar instances are 
repeatedly met with, especially among prehistoric forms such as 
the horses. Differences, slight at first, will in the course of time be 
accentuated so that the ultimate descendants are very unlike each 
other. A specific instance, comparable to the African rhinoceros, 
is that of the American Miocene horses Hypokippus and Mery- 
chippus. The first had short-crowned, uncemented, browsing 
teeth and well developed lateral hoofs, forming a foot fitted for 
yielding ground like that of the forested areas. The second had 
complex, long-crowned, grazing teeth adapted to grasses, and 
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feet fitted for the hard prairie soil. The distinction between these 
two races may well have had its inception during late Oligocene 
time when differentiation of habitat was already established, but 
we cannot with our present evidence clearly separate the phyla 
until Lower Miocene at least (see Chapter XXXVI). Local adap- 
tive branching therefore gives rise to different phyla of the same 
group of animals in a relatively small area. 

Continental Adaptive Radiation, on the other hand, is on a 
broad scale and, as has been said, embraces the entire fauna of a 
given class (i. e., Mammalia). Such radiations have appeared more 
than once, sometimes as repetitions of evolution within the same 
area, or again the radiations may be contemporaneous, but within 
the limits of distinct isolated continental masses. 

Contemporaneous Radiations. — As we learned in the chapter 
on geographical distribution, the world^s surface may be divided 
into three coequal but not coextensive realms: Arctogjea, Neogsca, 
and Notogsea, of which the first includes all of the northern hemi- 
sphere, and Africa; the second. South America; and the third, 
Australia. These three great realms have been the centers r.espec- 
tively of three remarkable adaptive radiations of mammals during 
Tertiary time, when all three were isolated each from the other in 
such a way as to prohibit absolutely for a long period all faunal 
interchange. This isolation is true of Australia to this day. Hence 
while the South American niammals have practically ceased to 
exist (see Chapter XXXVIII), Australians fauna, except for cer- 
tain overseas migrants introduced largely through human inter- 
vention, remains practically as it has been, composed of mammals 
of Mesozoic rather than of Tertiary type. Between Australia and 
Arctogsea there are some very remarkable parallelisms, for, upon 
a more limited scale, nature has nevertheless repeated herself, 
though not exactly, in the lesser continent. A comparison of the 
two radiations may be made. 

In Arctogsea the central or focal type is represented in a general 
way by the Malayan insectivore, Gymnura (Fig. 41). This crea- 
ture belongs to the hedgehog family, Erinaceidae, but the more 
familiar European hedgehog, Erinaceus, is somewhat too special- 
ized in its quill-like hairs and burrowing habits and consequent 
modification to serve as the focal type. 

Along the cursorial radius we have in the dogs, especially the 
swift fox and the coyote, creatures of amazing speed although 
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digitigrade, that is, running upon the toes. Unguligrade or hoofed 
runners are best represented by the deer, the African and Mon- 
golian antelope, but especially by the horse-like animal, the ghor- 
khar {Eqrms onager)^ which inhabits the Persian desert, an animal 
so swift that adults in good condition can neither be ridden 
down, unless by relays of horsemen, nor taken with greyhounds 
(Lydekker) . 

Arboreal forms are represented by the squirrels, some of which — - 
the flying squirrels — have learned to launch themselves into the 



Fig. 41. — The most primitive livinji; representative of the Insectivora, 
Gymnura. (After Ilorsfield and Vigors.) 


air and take long soaring leaps, supported by folds of skin between 
the limbs and the sides of the body, and hence have become semi- 
aerial. Truly volant or aerial forms are represented among mam- 
mals by the bats, which, however, belong to a different order than 
the flying squirrels, as they are directly out of the insectivorous 
stock, although no annectant forms are now alive. One remarkable 
insectivore, GaleopitheciiSj which will be described more in detail 
later, is a wonderful glider, and while not in the line of bat descent 
shows us quite clearly how such an adaptation could have arisen. 

Aquatic-amphibious forms are represented by the Potomogale 
among insectivores, the muskrats and beaver among rodents, and 
the otters, but especially the seals, among carnivores; while the 
truly aquatic types are such as the porpoises and whales, which 
are apparently modified ancient carnivores, and the sea-cows 
(manatee, and dugong), which were derived from the ungulate 
stock. 
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Subterranean forms are the insectivorous shrews and moles 
and the rodent woodchucks, gophers, and mole-rats (Bathyergus) . 
Of these the true moles and the golden moles (Chrysochloridie) 
of the Cape of Good Hope, two entirely independent evolutions of 
mole-like forms, are the most extreme. 

Notogxa . — The Australian mammals, as we have learned, are 
practically all marsupials or pouch-bearing mammals, whose young 
are brought forth at an extremely early stage of development, 
transferred to the pouch-covered nipples, and there nourished as 
^Tarvse^’ until mature enough to stand the vicissitudes of ordinary 



Pig. 42. — ( )j)()ssiiiii, Didelphis marmplalis, one of the most primitive 
living marsupials. (After Lydekker.) 

animal childhood, when they are virtually reborn. There is no 
placenta, except for one or two rare vestiges {Phascolarctos, Per a- 
nieles), and the young, being inadequately nourished compared 
with placental mammals, cannot stand competition with the latter 
even in their adult condition. Such was the stock with which 
Australia was inoculated, in the Mesozoic age and out of that 
stock, due to the immense period of isolation which has elapsed, 
there has arisen an adaptive radiation paralleling that of Arctogsea 
in many remarkable ways. 

Perhaps the creature nearest the focal form among marsupials 
is the opossum (Fig. 42). The opossum is now an American form 
and therefore in its existing condition cannot represent the actual 
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ancestor, but it gives a good impression of what the Australian 
stem form was like. Opossums are, however, extremely old, per- 
sistently primitive forms, of which near relatives are found in Cre- 
taceous rocks. They have survived contemporaneously with their 
diversified descendants. The opossum is arboreal, but it is quite 
probable that the marsupials had all passed through a tree-inhabit- 
ing stage before their great radiation began. 

Cursorial adaptation in the marsupials is well shown in the 
Tasmanian wolf, Thylacyrvus^ which is very dog-like in contour, 
development of limbs, and digital reduction. It is perhaps a little 
less extreme in its cursorial adaptation than the jackal {Canis 
aureus) for instance, as the distal segments of the limbs, whose 
relative lengthening is generally a speed requirement, are still 
proportionally short. Thylacynus clearly occupies the station of the 
wolves and dogs of Arctoga^a, a fact which has caused its extinction 
when brought into competition with true canids (i. c., Canis dingo y 
see page 124). The herbivorous bandicoots and kangaroos are 
highly speedy and represent the ungulates of Arctoga^a, the bandi- 
coots (Chceropus) being quadrupeds whose hind foot has but a single 
dominant digit, although other vestigial ones are present. The 
kangaroos, on the other hand, are bipedal when running, with 
feet which are remarkably effective. 

Arboreal marsupials are still numerous, the so-called “sugar 
squirrels^’ or phalangers being very similar to our squirrels in ap- 
pearance, while the Arctogsean flying squirrels are represented 
with great fidelity by the Notogsean flying phalanger {Petaurus 
sciureus). A further extreme of arboreal adaptation is shown in 
the koala (Phascolarctos cinereus), slow-moving, tailless, with splen- 
didly adapted hands and feet, the former having two fingers offset 
against the other three, and the latter the hallux against the other 
four, especially the fourth and fifth. In many ways the koala 
resembles the lemurs or half-apes of Arctogsea, especially such 
forms as the loris, Nycticebus. 

No truly volant forms comparable to the bats exist in the Aus- 
tralian marsupial fauna, although placental bats are present, nor 
is there record of their having existed there during geologic time. 

Aquatic types among marsupials are restricted to amphibious 
forms, truly aquatic types comparable to the Cetacea being un- 
known and improbable, for such would lack the isolation and 
security from competition so necessary to marsupial evolution. 
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Strangely enough, however, there is no recorded instance of even 
an amphibious marsupial in the existing Australian fauna, al- 
though South America possesses one, the water opossum (Chironec- 
tes)f whose hind feet are webbed and whose general appearance 
reminds one of the muskrats, though of course, unlike the latter, 
it is exclusively carnivorous in its diet. It is highly improbable, 
however, that Australia has never possessed an amphibious mar- 
supial. 

Notogsea is not without its amphibious type, for the duck-bill 
or duck-mole (Ornithorlujnchus) is a remarkable combination of 
burrowing and swimming animal, the projecting swimming mem- 
brane of the fore foot being folded back against the palm, exposing 
the powerful claws, when the creature wishes to dig. In its life 
habits the duck-bill is not unlike the muskrat, but the food differs, 
as it feeds upon various small water-animals, such as crustaceans, 
insects and their larvae, snails and worms, which are dug out of the 
soft mud by the tender muzzle. Echidnay an ally of Ornithorhyn- 
chuSy while having a pouch for the protection of the newly hatched 
young, is not a member of the order Marsupialia but of the yet 
more primitive Monotremata — the egg-laying mammals — which 
while strictly Notogaean in their existing distribution, are neverthe- 
less not of the present Australian adaptive radiation, as that im- 
plies a common, i, e., marsupial, ancestry, but are survivors of an 
earlier evolution, 

Fossorial Notogaean animals are admirably represented by the 
marsupial ^^mole,^^ Notoryctes typhlopsy a recently discovered type, 
which bears a remarkably close resemblance in its molar teeth, 
external form, and mode of life to the South African golden moles 
(Chrysochloridae) of which we have spoken. But they cannot be 
related, for Chrysochloris is a placental insectivore and Notoryctes 
a marsupial. They therefore represent one of the most interesting 
cases of convergent evolution of which we have knowledge. 

Thus it will be seen that the Australian adaptive radiation prac- 
tically coincides with that of Arctogaea, almost every animal in 
the former assemblage having some approximate equivalent in the 
latter. The reverse, on the other hand, does not hold true, for the 
Arctogaean realm is relatively so vast and its range of habitat con- 
ditions so much greater, that its fauna is proportionately more 
extensive and varied. 

The ancient fauna of Notogaea has but a dubious future, for the 
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artificial introduction of several placental mammals has already 
made serious inroads into the integrity of the marsupial ranks, the 
dingo having driven the Tasmanian wolf from the Australian main- 
land while the rabbits and sheep, through their destruction of the 
food supply, have reduced the marsupial herbivorous population 
by cutting off their means of subsistence. To this must be added 
the destruction of marsupials by mankind, for the hides, both for 
furs and leather, are commercially known as opossum and kangaroo 
respectively. It is quite probable that, with few exceptions, this 
ancient radiation is doomed to speedy extinction. 

Successive Radiations in Time. — There have been three suc- 
cessive radiations among mammals of which the first, however, 
that during the Mesozoic ^ was comparatively unimportant because 
of the terrestrial dominance of the dinosaurs and other reptiles. 
During this radiation the known mammals were all small, although 
differentiated into three or four phyla from the standpoint of their 
dentition and implied feeding habits. Thus some were insectiv- 
orous, some perhaps more distinctly carnivorous, and some herbiv- 
orous, possibly fruit- or nut-eating (seed-eating?). 

It was not until the great reptilian extinctions at the close of 
the Cretaceous that the mammals really had their opportunity, at 
least in the known fossil-bearing regions; and with the vacating of 
the terrestrial realm by the huge cold-blooded brutes, the higher 
creation began its deployment in the known areas. Paleontologists 
soon find records of carnivorous forms (creodonts) of various 
sorts, swift cursorial ungulates (condylarths) , and slow-moving, 
grotesquely armed types (arnblypods). There were also sloth-like 
forms (tseniodonts) and probably ancestral marsupials. Of all of 
these so-called archaic mammals, but few survived the Eocene; 
some were sooner or later rendered extinct through competition 
with invaders of the third or Tertiary radiation, others may have 
evolved into certain of the higher types, yet others, driven southward 
into Neogsea and Notogsea, may have formed the stock of part at 
least of their subsecpient faunas when isolation closed the door upon 
later invaders. These archaic mammals, their adaptations and 
their defects will be discussed more at length in Chapter XXXII. 

The Tertiary radiation was the great Arctogsean radiation of 
modernized mammals, so called because their descendants still 
exist; at all events no higher group has appeared, and the story of 
mammalian evolution in this world, owing to the present domi- 
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nance of man^ is virtually over. Whence the progenitors of the 
modernized mammals came we have no positive knowledge, but 
circumstantial evidence points to boreal Holarctica — the circum- 
polar lands of the northern hemisphere — as their pristine home. 
For in the Cretaceous and early Eocene indications point to a 
warm climate and abundant forestation in the north, ideal condi- 
tions for thp well-being of the nodal type and its immediate deriva- 
tives. Increasing cold in the northland drove forests and their 
fauna south down the three great continental axes (see map, Fig. 
254) so that we find creatures of much the same sort, such as the 
ancestral horses, appearing synchronously in the Old World and in 
the New. Early in the Eocene their deployment was well under 
way, the Oligocene saw certain lines already approaching racial 
death and others wondrously varied, while during the Miocene 
the culmination was reached and never before nor since was there 
so great a mammalian florescence. By the Pliocene they had begun 
to wane. The mammals of to-day, including man himself, are the 
remnant of this Tertiary radiation. 

Tooth Radiation. — The mammals are, with few exceptions 
(Cetacea, anteaters, etc.), characterized by a heterodont (erepos, 

different, and 65ous, 
tooth) dentition, 
that is, the teeth, in 
contrast to those of 
most reptiles, for in- 
stance, arc differen- 
tiated into several 
sorts with, as a rule, 
very distinct func- 
tions. Those in the 
front of the mouth, 
the incisors, are 
mainly prehensile, 
the canines grasping, 
tearing, or for defense or offense, the premolars sometimes shear- 
ing, or, like the molars, grinding teeth. The last mentioned molars 
and premolars show the greatest structural modification to meet 
their owner’s requirements, the incisors and canines being more con- 
servative, as their use shows less variation in the different orders. 
See Fig. 43. 



Fig. 43. — Upper and lower teeth of the wolf, Cards 
lupus, showing the carnassial or flcsh-ciitting teeth, 
shaded. (The fourth upper premolar and first lower 
molar.) m molars 1 to 3; p^~p\ premolars 

1-4. (After Matthew.) 
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The insectivorous type, those of the stem form, are low-crowned, 
simple, with few cusps, generally sharp-pointed and suitable for 
crushing feeble prey. With the carnivores, the cheek teeth become 
high-crowned, trenchant, shearing structures, and the jaws have 
little or no lateral play. This reaches its highest specialization in 
the cats (see Chapter XXXIII), wherein the true grinding teeth 
are almost entirely wanting. In the dogs, with a less exclusive 
diet, more of the grinders are retained, although the shearing teeth 
are well developed, while in the bears, carnivores with a strong 
tendency toward an herbivorous diet (omnivorous), the cheek 
teeth are broad-crowned, tuberculate grinding organs, and shearing 
teeth are wanting. Carrion-feeding forms have, as a rule, blunter 
teeth, while in fish-eating creatures like the seals the teeth have 
become secondarily simplified and are all prehensile. The toothed 
whales (Odontoceti) have lost their tooth differentiation and the 
teeth are practically all alike — simple, slightly recurved, grasping 
cones. The teeth are sometimes absent in the upper jaw (sperm 
whale, Physeter, in which, while germs of upper teeth are present, 
they are apparently functionless), and in the whalebone whales 
(Mystaceti) they are entirely absent, except for functionless ves- 
tiges in the unborn young, and their place is taken by the curious 
baleen or whalebone which hangs from the palate and by means 
of which small molluscs and crustaceans are strained out of the 
water to serve for food (see Chapter XXXIV). 

Herbivorous forms have the incisors fitted for seizing and cutting 
the vegetation. In the ruminants, however, they are absent in the 
upper jaw, the lower incisors biting against a horny pad. Canine 
teeth are of little importance to the herbivore unless they are used 
for defense (musk deer), or as in the swine for uprooting the vegeta- 
tion upon which they feed. The grinders vary amazingly in the 
pattern of the cusps and crests borne upon the crown but in general 
may be divided into short-crowned, brachyodont teeth fitted for 
succulent leaves and twigs; or long-crowned, hypsodont teeth 
whose great length and complex structure are adapted to meet the 
wear imposed by the harsh grasses and other vegetation which 
form the staple of a grazing animal. Perhaps the greatest degree 
of perfection has been reached by the modern horse (Equus, see 
Fig. 216) along one line of descent and the elephant, more especially 
the extinct woolly mammoth {Mammonteus primigenius, compare 
Fig. 215) along another. 
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As we have seen, a carnivore like the bear may become adapted 
to an all-round diet and hence be omnivorous, but the term is best 
applied to a direct line of evolution from the insectivorous stock, 
such as the primates, and especially mankind. Here the incisors 
and canines show little distinction and the cheek teeth are very 
simple and primitive, with bicuspid premolars and molars with few 
(four or five) low cusps. 

The myrmecophagous type represents the height of specialization, 
for in its extreme development the teeth have utterly disappeared, 
the jaws are reduced, the mouth is incapable of opening except at 
the extreme anterior end and has become tubular, with a highly 
extensile and prehensile tongue. This organ is provided with an 
adhesive substance and when thrust into an ant-hill and withdrawn 
brings away great numbers of the unfortunate insects, which are 
swallowed without mastication. As a special adaptation to such 
rather insurgent prey, the interior nostrils are carried far backward 
so as to be in direct communication with the windpipe to prevent 
any of the creatures from wandering the wrong way. An analogous 
adaptation is seen in the marsupials to avoid suffocation when the 
milk is forced into the mouth of the feeble young by the mother^s 
muscles, and in the whales and again in the crocodiles, both of 
which devour their prey under the water and would run the risk 
of strangulation were it not for this device. 

Siunmary. — We have thus emphasized the wonderful plasticity 
of living beings, which, in their efforts to find food and safety, be- 
come adapted in the course of time to all possible conditions of 
life — earth, air, water, the most salubrious as well as the most for- 
bidding wastes; and have shown that these adaptations are chiefly 
concerned with those parts most closely in contact with the en- 
vironment — the feet for safety and the teeth for food. The soft 
parts are generally more conservative and while feet and teeth 
undergo their marvellous changes, internal organs, except such as 
are again directly concerned with diet or locomotion, may remain 
comparatively unaltered. We find that nature does repeat herself, 
but never exactly, nevertheless some remarkable convergences of 
unrelated animals are recorded. The final truth is that a highly 
adapted or specialized form becomes, as it were, stereotyped and 
incapable of radical change, and with altering conditions may 
succumb where a less specialized and therefore more plastic race, 
meeting the changed requirements, survives. 
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CHAPTER XIX 


CURSORIAL AND FOSSORIAL ADAPTATION 
Cursorial Adaptation 

We have already discussed various means whereby creatures 
compete with each other for the two prime requisites of existence — 
food and safety. These took the form of coloration, of mimicry, 
of stealth, of parasitism, or of bodily prowess. Now we would 
speak of forms which live in the open, of the pursuer and th(^ pur- 
sued, for while such creatures do not perhaps constitute a very 
large proportion of the animal kingdom, as do the parasites for 
instance, they are nevertheless of great importance, and the evolu- 
tion of remotely related types has given rise to some remarkable 
instances of convergent evolution. 

Speed adaptation has been developed in a very wonderful way 
in terrestrial (cursorial) types, in aquatic, and finally in aerial 
forms. Of these we will first discuss the terrestrial. 

Vertebrates Showing Speed Adaptation. — The following is a 
list of vertebrates which show this adaptation for speed : 

Class Reptilia. Reptiles 

Order Squamata. Lizards and snakes. 

Especially certain of the Agamidjp. Chlamydosaurus, the frilled 
lizard of Australia. Numerous others, especially desert-inhabiting 
forms. 

Dinosaurs (see Chapters XXX and XXXI). 

Order Saurischia. Carnivorous and amphibious dinosaurs. 

Most of the carnivorous dinosaurs, especially the smaller, more 
agile forms: Podokesaurus^ Hallopus, Codurus^ Compsognathus^ 
Ornithomirnus and OrnithoUstes. 

Order Ornithischia. Herbivorous beaked dinosaurs. 

Nanosaurus and the Camptosauridje. 

Class Aves. Birds 

Division Ratitso. Flightless cursorial birds. 

Especially emus, cassowaries, ostriches, and rheas, and probably the 
extinct Dinornithes, the moas of New Zealand. 
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Division Carinate. Flying birds. 

Of these few are adapted for speed except perhaps the rails, one of 
which {Aptornis) is flightless. 

Certain of the Limicohe, plovers, oyster-catchers, etc., are also speedy 
for short distances. 

Class Mammalia. Mammals 

Order Marsupialia. 

Dasyuridie, especially ThykmjnuSj the dog-like Tasmanian ‘^wolf.^^ 

Peramelidse, the bandicoots. 

Macropodidie, the kangaroos. 

Order Rodentia. 

Leporidai. Hares and rabbits. 

Caviidie. Cavies. 

Dipodidie. Jerboas. 

Order Carnivora. 

Canida). Dogs. 

Felidae. Cats. Especially Acinonyx, the cheetah or hunting leopard. 
Cohort Ungulata. 

Order Perissodactyla. 

Hyracodontidae. Extinct cursorial rhinoceroses. 

Equidae. Horses, living and extinct (see Chapter XXXVI). 

Order Artiodactyla. 

Protoccratidac. Extinct. 

Antilocapridao. American prong-horn antelope, Antilocapra, 

Cervida). Deer. 

Bovidae. Especially the African antelopes. 

Giraffidae. Giraffe and okapi. 

Tylopoda. Camels (see Chapter XXXVII). 

Order Litopterna. South Americvan ungulates (see Chapter XXXVIII). 

Especially the Proterotheriidje, the extinct pseudo-horses.^^ 

Body Contour. — All speedy animals, whether terrestrial, aquatic, 
or aerial, have the body moulded externally in such a way as 
to offer the least resistance to the medium through which they 
pass. Owing to the greater resistance of water, this is especially 
true of the aquatic, nevertheless a speedy cursorial type also shows 
it, though not always as well when at rest as it does when in action. 
A race-horse with head and neck extended, ears thrown back, and 
every tense muscle of its wonderful body working with machine- 
like precision, shows the beautiful contour of a perfectly adapted 
mechanism. The body spindle-shape, of stream-line contour, the 
lines extended into the neck and head without a break in their 
evo'n curves — all are calculated for swift passage through the air 
with a minimum of resistance. 
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Mechanism 

Loss of General Utility. — The propelling organs in cursorial 
forms are the limbs exclusively, so that, aside from the resistance- 
lessening contour, this adaptation concerns itself chiefly with their 
m>:xiification, of which the first is the loss of general utility. This 
is especially true of the hind limbs, because they are the more 
efficient drivers and therefore, especially in forms whose adapta- 
tion has not gone very far, are likely to be somewhat in advance 
of the fore limbs in the degree of their evolution. For this several 
reasons may be assigned: (1) The extended hands pull the body 
forward in running; (2) the fore part of the body is usually heavier 
than the hind part and requires larger limbs to support and propel 
it; (3) running is a sort of leaping on all fours, and the hands are 
larger and wider to take the impact when the animal falls forward; 
finally (4) the fore limbs, being nearer the mouth and hence per- 
haps somewhat concerned in food-getting, are the last to lose their 
general utility. Two notable instances of this accelerated evolu- 
tion of the hind limbs over the fore are the early four-toed horses 
of the Eocene (Hyracotheres, see Chapter XXXVI) in which, 
while the hand still retains its four digits, the foot has but three. 
It is not until Oligocene time that the additional finger is lost and 
the evolution of both limbs becomes parallel. In another Oligocene 
form, Protocerasj a curious artiodactyl with remarkable excres- 
cences upon the skull and dagger-like canine teeth, the hand is 
four-toed while the foot has but two. 

Change in Foot Posture. — The primitive terrestrial foot is 
plantigrade (Lat. planta^ sole, and gradi, to walk), which means 
that the entire palm or sole rests on the ground, neither wrist nor 
ankle being raised. Almost the first step in speed adaptation is 
the lengthening of the limb and this may be accomplished without 
the actual elongation of a bone, merely by rising upon the toes. 
While the bear, raccoon, and the primates such as the baboons and 
man are plantigrade, probably secondarily so, a large proportion 
of modernized mammals have become digitigrade (Lat. digitus^ 
finger, toe), walking or running upon the digits themselves, with 
the bones of the wrist (carpal) and ankle (tarsal), the upper ends 
of the palm (metacarpal) and the sole bones (metatarsal) clear of 
the ground. Some of the speediest of animals — dinosaurs, birds, 
dogs, all mammals in fact but the ungulates — have merely per- 
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fected the digitigrade gait, de- 
veloping special sole-pads for 
the absorption of the shock of 
impact, and have never gone be- 
yond it. The ungulates or hoofed 
animals, on the other hand, walk 
on the modified nail or hoof (un- 
guligrade, Lat. ungulaj hoof), 
the distal toe-bones (unguals) 
being depressed or flattened and 
not, with rare exceptions,:; com- 
pressed or claw-like. The hoof 
has reached the highest degree 
of perfection in the horses; in 
other related but non-cursorial 
types like the rhinoceros the 
hoofs bear little of the weight, 
as a broad cushion-like pad 
serves instead ( see Fig. 45). 

Ungulate animals show all 
gradations from the semi-planti- 



grade condition of the slower 
forms to the high, stilted hoofs 
of certain of the African antelope, 
notably the klipspringer (Oreo- 
tragus saliator). A truly unguli- 
grade condition has never been 
attained among reptiles, al- 
though certain beaked dinosaurs 
had depressed instead of claw- 
like unguals. Triceratops and 
Stegosaurus were certainly far 
from speedy; hadrosaurs, on the 
other hand, which also bore this 
type of ungual, were bipedal and 



doubtless possessed a fair meas- 
ure of speed when well under 


unguligrade, pig. (After Pander and 
D’ Alton.) 


way, though little celerity of movement is indicated. 


Certain ungulates like the modern camels have become second- 


arily digitigrade, the foot having retrogressed as an adaptation to 
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Rhinoce- 


the yielding desert sands (see page 608). This is not accompanied^ 
however, by any material loss of speed, as the camels are among 
the most remarkable travelers of all terrestrial forms. 

Loss of Digits. — Plantigrade animals are generally five-toed; 
there are of course exceptions, but the elevation of the heel or 
wrist generally carries with it digital reduction, digitigrade animals 
becoming four-toed, unguligrade four-, three-, two-, or even one- 
toed (see page 585), two toes in the arti- 
odactyls and one in the perissodactyls being 
the irreducible minimum. 

The frilled lizard of Australia, Chlamydo- 
saurusy is five-toed but the lateral toes are 
shorter than the median ones, which is almost 
universally true except in aquatic types such 
ros foot, sectioned to as the seal and otter. Hence when Chlamydcn 
show the supporting saurus runs on its hind feet, as it does when 
pad. (After Osborn.) outer and inner toes are raised 

off the ground and the animal makes a three-toed track. If this 
were the habitual gait of the creature, the lateral digits would 
be rendered practically useless and would follow the course of all 
useless organs and become reduced, whatever the philosophical 
explanation of the mean whereby this is accomplished. 

Environment as well as speed adaptation has its influence in 
determining digital reduction, for it will be accelerated if the ground 
is hard, as in the prairie-evolved horse with but one remaining digit, 
or the prong-horn antelope of similar environment with two. On 
the other hand, the Miocene forest horse, HypohippuSy retained 
the lateral toes as functional organs just as the reindeer and cari- 
bou (Rangifer) have to-day, as an adaptation to a yielding footing, 
while contemporary relatives had in each instance evolved much 
farther along the line of digital reduction. 

Concurrent with the loss of digits, especially if the foot be 
lengthening after the manner to be described below, comes a com- 
pacting of the bones of the palm and sole (metapodials) and often 
this is carried so far as to give rise to actual fusion of these elements 
into a ‘‘cannon-bone.^’ The dinosaurs, with one doubtful excep- 
tion, never attained an actual fusion, although in many respects, 
especially in Ornithomimus of the Cretaceous, the foot is very 
bird-like. The birds, on the other hand, always show a fusion of 
the metatarsals. Among mammals the carnivores do not form 
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a cannon-bone nor does the marsupial wolf ; but all of the speed- 
adapted ungulates do. Ancient ungulates, however, had the meta- 


tarsals separate, and we can often witness the 
fusion in fossil series (camels, etc.) when the proper 
degree of speed adaptation has been reached. 
Among rodents, the jerboa (see Fig. 48), a three- 
toed bipedal form, has a foot and metatarsus so 
wonderfully bird-like that one almost has to count 
the phalanges of the digits to be sure he has a 
mammal before him. 

Reduction of Fibula and Ulna. — The fore arm 
and shin, that is, the second segment fi’om the 
body, have each typically two bones: in the arm, 
the radius and ulna, and in the leg, the tibia and 
fibula. These arc both developed in slow-moving 
forms or where the fore limb still has considerable 
general utility, especially if the rotation of the 
hand on the arm is retained. On the other hand, 
cursorial forms, especially if the limbs are exclu- 
sively locomotor, tend to reduce the ulna of the arm, 
the proximal end only being present in extreme 
cases to form the elbow joint. They also lose the 
fibula of the leg, which may be reduced to the 
merest vestige. 

Loss of Universal Movement. — The entire mo- 
tion of the limbs becomes pendulurn-like, that is, 
restricted to movement in but one plane, the ex- 
ception being at the hip and shoulder, where uni- 
versal movement is still retained through the 
development of a ball-and-socket articulation. The 
necessity for this is apparent, first to avoid in- 
terference between fore and hind feet when running. 



Fig. 46.— Hind 


since a dog, for instance, at top speed brings his iim^ of horse, 
hind feet well in advance and outside of the fore. caballus, 

A second need is that of lying down and rising ij^e joints for 
again, which would be practically impossible were the restriction of 
the movement at hip and shoulder restricted to 
the fore-and-aft plane. With the other articula- 


tions, those of ankle and wrist, knee and elbow, and -between the 


'.digits, the tendency is toward rigid limiiation of movement in 
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unguligrade, less so in digitigrade forms. This is accomplished by 
the development of tongue and groove joints sucn as were dis- 
cussed under kinetogenesis (see Chapter XII). These are very 
perfectly shown in the hind limb of a modern horse, as well as at 
the elbow joint (see Fig. 46), forming in each instance an articu- 
lation permitting movement through a wide arc in one plane of 
space and none whatever in any other. These joints, while they 
may be broken, cannot be dislocated. 

The limbs are compound levers, for not only is there motion of 
the limb as a whole but also between its component parts. The 
lengths of each of the several segments bear definite relations to 
the speeds developed and also to the loads they have to carry. 
Those forms which, like the elephant, are mighty of frame, have a 
type of limb which is in marked contrast to that of a horse. To 
the former type has been applied the term graviportal (t. e., weight- 
carrying), to the latter cursorial, although both are adapted to 
increase their owner’s traveling powers. In the graviportal type 
such as the mastodon, the foot is short and the thigh and shin 
relatively long, whereas in a cursorial form the foot elongates and 
the thigh is conservative (see Fig. 47). This may be shown by a 
comparison of ratios between the middle metatarsal and the femur, 
thus : 


Length of metatarsal III 

Ratio: 

Length of femur 


Graviportal 

Subcursorial 

Cursorial 

Uintatherium . 10 

Eohippus . 50 

Equus 

.78 

Mastodon .11 

Tragulus . 56 

Antelope 

1.00 

Elephas . 13 

Mesohippus . 57 

Odocoileus * 

1.00 


* Virginia doer. 


Lengthening of Limbs. — The lengthening of the limbs in curso- 
rial types is usually thus accomplished by a growth of the distal seg- 
ments only, the foot and shin and hand and fore arm increasing, 
but rarely the thigh or upper arm. This increase is therefore both 
actual and relative. This is well shown in comparing the limb of 
a horse with that of a man (see PI. IV), for while the human thigh 
may actually exceed the length of that of the horse, the horse’s 
foot, which is measured from the end of the hoof to the hock, the 
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equivalent of the human heel, may be two and a half times that of 
the man. 

This lengtnening of the distal segments, which is for the pur- 
pose of increasing the length of stride, would be of little avail were 
the muscles not concentrated at the proximal end of the limb, their 
power being transmitted by long slender tendons to the lower leg 
and foot. One effect of this may be best understood by compar- 
ing the limb with a pendulum. The length of the pendulum de- 
termines the scope of swing, but the position of its center of 
gravity controls its speed or rate of beat. To accelerate the beat, 
therefore, the bob is moved upward, to retard it, it is moved down- 
ward, the arc of pendular motion remaining constant. This con- 
centration of the muscles at the proximal end of the limbs has the 
same effect as raising the pendulum bob, and by this device— long 
slender limb and high but powerful muscles — the maximum length 
of stride and speed of movement are obtained. While this may 
well be an important reason for the concentration of muscle, the 
parallel with the pendulum is not exact, for the opposing muscles 
not only serve to initiate the swing but also to damp it. Perhaps 
the chief reason, therefore, is that by raising the insertion points 
of the thigh-muscles focussing around the knee, the angles of in’- 
sertion of many muscles are increased and this gives higher pro- 
pulsive components, across the shaft of the femur; at the same 
time the muscles are shortened and made thicker, which increases 
their power and speed of contraction. It can readily be seen that 
a limit may be reached beyond which bone will not stand the strain 
to which it would be subjected, although bone is a wonderfully 
efficient material. Hence one would expect to find the greatest 
speed developed on the part of creatures of small to moderate 
size — the antelope of Africa or horses like the wild ass of Persia 
{Equus onager) the speed of which has been mentioned (see page 
253) and which reaches a stature of but ll^- hands. The Mon- 
golian wild ass or kiang {Equus kiang)^ according to Roy Chapman 
i^ndrews, who chased one for 29 miles in a motor car, averaged 
30 miles an hour for the first 16 miles and then when it began 
to slow down, still ran four more miles at a speed of 20 miles 
an hour. The modern race-horse is relatively small compared 
with some other breeds, and the limit of weight, size, and 
speed consistent with safety seems to have been approximately 
reached 
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Ratios. — Lengthening of limbs also implies, at any rate in a 
quadruped, the concurrent lengthening of neck and skull in order 
that the animal may readily reach the ground for food and drink. 
Hence the various parts of an animaPs frame bear definite ratios 
to one another and this may also extend to individual bone pro- 
portions, a definite speed index being recognizable. This makes 
it possible through the law of correlation to gain some insight into 
the habits of extinct and little-known forms through the study of 
comparatively fragmentary remains. 

Bi'pedality 

A two-footed mode of progression as an adaptation to speed 
has been repeatedly evolved among vertebrates, as follows: 

Reptiles: 

Lizards, several occasionally bipedal. 

Dinosaurs, two evolutions.^ 

Birds: 

One evolution. 

Mammals: 

Marsupials, one evolution. 

Rodents, three evolutions.^ 

In all, eight or more times. 

The erect posture of man was probably not originally a speed 
adaptation, nevertheless speed has always been a vital factor in 
human evolution, in all offensive and defensive operations. The 
human foot, which was originally a climbing structure, has been 
readapted for bipedal walking and running. The long thigh and 
shin of modernized man increase the stride materially in con- 
trast to those of the gorilla and chimpanzee. The Neanderthal man 
(see Chapter XL) had short stocky limbs as com}.‘tred V.ith the 
existing species, but doubtless could outrun any of the anthropoid 
apes. 

Reduction of Fore Limbs. — In bipedal creatures the hind limbs 
form the exclusive means of rapid propulsion, hence all of the cur- 
sorial adaptations which have been mentioned apply solely to them. 
The fore limbs, on the other hand, retain their generalized charac- 
ter, as their sole use is for resting (kangaroo, herbivorous dinosaur) 

'Assuming that the so-called dinosaurs are diphyletic (see Chapter XXX): 
Ornithischia, Saurischia. 

2 Heteromyidsp, Dipodidee, Muridae. 
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or for slow locomotion while feeding. They often serve as very 
efficient organs of prehension. Because of the marked division of 
labor between the limbs, disparity of size soon arises and, as cur- 
sorial adaptation is perfected, the fore limbs become smaller and 
smaller in proportion until at length, as in the ultimate carnivorous 
dinosaurs (see Chapter XXX, Fig. 147), they are so absurdly 
reduced that it is difficult to conjecture their use. 

Counterpoise. — Some sort of counterpoise is always necessary 
in a semi-erect biped and the tail usually assumes this function. 
In the kangaroo and in the dinosaurs it is a powerful organ and 
serves as a prop, like a third limb, when the creature rests without 
coming down on all fours. The tail may be comparatively short 
and heavy in larger forms or extremely long and slender in more 
lightly built creatures, on the principle that an ounce at the end 
of a sixteen-inch lever is as effective as a pound on one but an inch 
in length. Many dinosaurs and bipedal lizards have a long, at- 
tenuated tail; this is especially true of the dinosaur Podokesaurus 
(Fig. 145), a Triassic form from the Connecticut valley, and of the 
Austrahan frilled lizard Chlamydosaurus. Among mammals the 
kangaroos have a relatively short, heavy tail; the jerboa on the 
other hand has a very long one terminating in a tuft of hair, 
which through its resistance to the air adds effect to the counter- 
poise. 

No existing birds have a long tail, that is, as regards the actual 
tail itself, although the feathers may be long. These, as in the 
pheasants, may subserve a balancing function. The true cursorial 
birds, Ratitae, are practically tailless, but maintain their balance 
with ease, the head and neck sufficing. The ostrich raises its wings 
as an aid in running, but with the practically wingless cassowary 
or the emu the head and neck alone must serve. 

Shortening of Neck. — In bipedal mammals there is a tendency 
toward reduction in the length of the neck, especially in the rodents 
such as the jerboa (Fig. 48), in which cursorial adaptation is ex- 
treme and there is a remarkable cervical reduction associated with 
the shortened skull. There is of course no diminution in the num- 
ber of neck vertebrae, for the number, seven, is with two or three 
exceptions (sloths and manatee) constant among mammals; but 
the vertebrae themselves are shortened and tend to coalesce into a 
rigid mass of bone. Thus in the rodent Pedetes cervicals 2 and 3 
are so closely articulated as to eliminate motion, in Perodipus 
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the axis (2d cervical) and next two vertebrae are fused, while in 
Dipus (jerboa) all of the cervicals except the atlas (1st cervical) 
are coossified as in the whales. As we shall see, the shortening of 



the neck may be also an aquatic adaptation, since it occurs in the 
whales and sirenians (sea-cows). 

Mental Precocity 

Animals which depend upon speed for safety, as do the ungulates 
or the whales, cannot have helpless young. Such must either be 
brought forth in some secluded den or carried about by the mother. 
Carnivores and rodents have very feeble young, but they are kept 
hidden until able to shift for themselves. The kangaroo, on the 
other hand, must carry her offspring with her and this undoubtedly 
proves a very heavy handicap to the race when competition with 
higher forms prevails, for the destruction of the mother means that 
of the young as well. With all other forms which depend upon 
speed for safety, the young animal must be able to keep up with 
the herd almost at once- Hence there is no period of helpless in- 



274 


ORGANIC EVOLUTION 


fancy, but the new-born deer or horse or camel, with its grotesquely 
long limbs, has the relative mental alertness of a very much older 
dog or rat, although the ultimate mental attainments of the un- 
gulate may not be so great. As an illustration of precocity, An- 
drews describes an experience with a ten-day-old baby antelope. 
For four miles he seldom went slower than 25 miles per hour and 
for five more miles he averaged 15 miles per hour. He circled too 
quickly for the car in fact, which had to average about 40 miles 
to overtake him. 

Significance of Cursorial Adaptation 

Not only does speed adaptation give rise to some of nature’s 
most beautiful and perfect machines, but it seems to have a much 
deeper meaning which has been summarized by Broom. He is 
speaking of Permian reptiles: 

'^The African, or more preferably the South Atlantic type, is 
chiefly remarkable for the great development of the limbs. . . . 
What may have been the cause we can not at present tell, but it 
was a most fortunate thing for the world. It was the lengthened 
limb that gave the start to the mammals. When the Therapsidati 
[mammal-like reptile] took to walking with its feet underneath and 
the body off the ground it first became possible for it to become a 
warm-blooded animal. All the characters that distinguish a mam- 
mal from a reptile are the result of increased activity — the soft 
flexible skin with hair, the more freely movable jaws, the perfect 
four-chambered heart, and the warm blood. It is further singularly 
interesting to note that the only ocher warm-blooded animals, the 
birds, arose in a similar fashion from a different reptilian group. 
A primitive sort of dinosaur took to walking on its hind legs, and 
the greatly increased activity possible resulted in the development 
of birds. Birds were reptiles that became active on their hind legs, 
mammals are reptiles that acquired activity through the develop- 
ment of all four.” 

Back of all this lay the impelling natural cause. The earliest 
known mammals are late Triassic, the first recorded bird Middle 
Jurassic; the inference that both stocks arose in Permian time is 
justifiable from the degree of evolution which each class had at- 
tained by the time the actual record of their existence begins. 
Schuchert tells us that early in the Permian the climate of the 
lands seems everywhere to have been arid or semi-arid and that this 
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condition lasted into Jurassic time. One characteristic of desert 
animals of to-day — the lizards, birds, gazelle, Persian ass — is speed, 
for the creature must fare widely for food and drink if he would 
fare well. Again we are told that during the Permian there was 
a period of extensive glaciation with a severity of climate, es- 
pecially in the southern land masses, as great as, if not greater 
than, the polar one of Quaternary time, although, like the latter, 
the Permian glacial period had warmer interglacial intervals as 
well. The incentive for speed already given, rendering the develop- 
ment of warm blood possible, the devastating cold would soon 
place a premium upon such as did develop it and eliminate those 
which did not. From this fortunate relation of cause and effect 
might well have arisen on the one hand the primal mammal, mak- 
ing human evolution possible, and on the other hand the ancestral 
bird. 

Fossorial Adaptation 
Classification 

Bionomic, — Fossorial types may be classified bionomically in a 
manner which denotes the degree of their adaptation to subter- 
ranean life. Thus there are, first, those whose habitation is above 
ground but which dig for their food. There are several such, like 
the swine and the elephant, but aside from the mere digging mech- 
anism — snout, tusks, etc. — there is but little fossorial adaptation 
to be noted. Nevertheless, such as it is, it may have a far-reaching 
secondary effect upon correlated organs. Thus the entire modifi- 
cation of the skull, jaws, and trunk, besides the tusks, of the ele- 
phant — structures which sum up almost all of the recorded evolu- 
tionary change of the most remarkable of beasts — are either 
directly or indirectly the result of fossorial habit (see Chapter 
XXXV). 

Secondarily, there are those creatures which dig for retreat and 
which show still greater modification, especially in the body and 
limbs; but those whose food is above ground are not so profoundly 
modified as those whose food also is found below. The latter, the 
wholly fossorial, exhibit the extreme of adaptation which is to be 
discussed. 

Zodlogic. — Zoologically, the partially and wholly fossorial ani- 
mals are the lowly, more primitive and defenseless or unambitious 
members of their respective phyla. They include representatives 
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of every great vertebrate class except the fishes, but the appended 
approximate summary is based almost entirely upon existing forms. 

Class Amphibia 

CsRcilians. 

Class Reptilia 

Sphenodon 

Uromastlx, 

Legless lizards. 

Desert snakes. 

Class Aves 

Burrowing owl. 

‘‘Starlet’^ sp., of Mingan Islands. 

Cliff swallow. 

Class Mammalia 

(All wholly fossorial mammals are primitive, small, plantigrade, pen- 
tadactyl, with moderate to large claws, and relatively defenseless.) 
Order Monotremata. Entire order. 

Order Marsupialia. 

Wombat (Fhascolomys) , 

Dasyure (Dasyurus ) . 

Kangaroo-rat (Bettongia), 

Pig-footed bandicoot {Cheer opus). 

Marsupial mole {N otoryctes) . 

Order Edentata. 

Armadillos. 

Aardvark (Orycteropus) . 

Order Insect! vora. 

Common moles {Talpa, Condylura), 

Golden mole (Chrysochloris). 

Shrew-rnole (Scalopus). 

Water-shrew {Crossopus), 

Desman {My gale). 

Hedgehog {Erinaceus), 

Oryzoryctes. 

Order Roden tia. 

Hares {Lepus). 

Ground-squirrels {Spermophilus) , 

Prairie-dog {Cynornys ) . 

Woodchuck {Arctomys). 

Pocket-gopner (Geomyidae). 

Mole-rats and bamboo-rat (Spalacidse)* 

Octodontidsc. 

Paca {Ccelogenys). 

Viscacha {Lagostomus), 

Bathyergidse. 

Siphneinse. 
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Order Carnivora (retreat only). 

Otter (Lutra). 

Ratel {Mellivora), 

Javanese skunk (Mydaus). 

American badger {Taxidea). 

Cohort Ungulata. 

Few dig for food: swine, elephants, mastodons. 

Modifications 

Body Contour. — The density of the medium through which the 
burrowing form must penetrate necessitates a spindle or fusiform 
shape, not so beautifully modelled as in swift aquatic types, but 
such as will nevertheless offer but little resistance to subterra- 
nean passage. The greatest diameter in most fossorial forms lies 
near the shoulder, due in part no doubt to the necessary strengthen- 
ing of the shoulder girdle. This is true of the mole; in other forms, 
such as the echidna and platypus (Fig. 49), the breadth of the 
stout body brings the greatest diameter further back, but in 



Fig. 49. — Skeleton of platypus, Omithorhynchus; fib, fibula; h, humerus; il, 
ilium; is, ischium; ol, olecranon; sc, scapula; u, ulna. After Pander and 
D’ Alton.) 

neither of the latter instances is the fossorial adaptation so extreme 
as in the former. Legless forms, snakes, lizards, and caecilians, 
have a cylindrical body. 

Forward of the shoulder the head tapers rapidly so that the con- 
tained' skull is subconical and lacks the widely expanded zygomatic 
or cheek arches of many surface types. This last feature, however, 
is correlated also with the feeble jaw musculature, as almost all 
wholly fossorial types subsist upon feeble prey such as insects and 
worms, which require little strength of jaw or tooth. 

Tail. — The tail, even in semi-fossorial animals, is usually short, 
for not only would a long tail seriously incommode a subterranean 


278 


ORGANIC EVOLUTION 


creature, but its chief uses in the mammal seems to be in connection 
with a cursorial habit, hence there is manifestly little need of its 
development in forms in which no premium whatever is placed 
upon speed. Thus in the hedgehog, ratel, and woodchuck the tail 
is short, while in the wombat and the several moles it is vestigial. 
The tail of subterranean forms may have its uses, for it is said to 
serve as a valuable tactile organ. 

Eyes and Ears. — In truly fossorial types the eyes, through dis- 
use, tend to become vestigial. They would also be a source of in- 
jury in burrowing forms were they well developed. Two factors 
determine in general the degree of visual reduction, the duration 
and completeness of subterranean life. Thus ‘‘in the pocket- 
gophers (Geomyidie) and Bathyergidje the eyes are small; in [the 
mole-rat] Spalax typhlus they are mere black specks among the 
muscles (although retaining a relatively complete structure); in 
the marsupial mole (Notoryctes typhlops) they arc imperfectly 
developed and functionless; in Talpa they are vestigial; in the Cape 
golden mole (ChrysocMoris) the eyes are covered with skin’' 
(Shimcr). 

The external ears also tend to disappear as in aquatic types, for 
not only is their position such that they would be a decided ob- 
struction to burrowing, but they would tend to gather the soil 
within the ear and thus obstruct rather than aid in the collecting 
of sound waves, and further, their true function, just mentioned, 
can only be effectively rendered in the open air. Hence in the 
Geomyidse and the otter, which is also aquatic, the external ears 
are small, in the ratel (Mellivora) they are very minute, in the 
Bathyergidse (Cape mole-rat, etc.) they are reduced to a slight 
fringe of skin around the aural aperture, while in the wholly fos- 
sorial moles all three sorts are bereft of external ears entirely, which 
is equally true of the Monotremata. The last-mentioned group, 
however, are so very primitive that they may never have had 
them. 

Digging Mechanism. — The snout forms an important organ for 
digging in the swine and in the hog-nosed snake (Heterodon), in 
each of which the organ is truncated and upturned at the tip. In 
the swine and in the mole Talpa there is a prenasal bone developed 
at the tip of the cartilage of the nose. This bone doubtless serves 
the same purpose in each instance, that of reinforcing the snout as 
an aid in digging. 
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The incisor teeth particularly, and sometimes the canines (swine), 
form very adequate fossorial organs. If the incisors, they are 
usually procumbent or forwardly directed as in the pocket-gophers 
and thus protrude in 
such a way as to add 
to their effectiveness. 

The tusks of the ele- 
phants, as has been 
mentioned, and the 
procumbent lower tusks 
of the shovel-tusked 
mastodons in partic- 
ular, were very effec- 
tive digging instruments 
if one may judge from 
the manifest wear to 
which they have been 
subjected. 

The fore limbs are by 
far the most important 
fossorial organs of all, 
hence their develop- 
ment and modifications 
have reached an ex- 
treme. All of the limbs 
are very short and 
stout in wholly fos- 
sorial forms, for not 
only is the speed which 
length of limb implies 50. — Hands of moles. A, common mole, 

unnecessary, but long fter Beddard; B, g<>Wen mole, 

: . ChrysocMorts, alter Pander and D Alton, from 

limbs would be a posi- Abel; C, palmar aspect, and D, dorsal jispect of 
tive detriment in a marsupial mole, Notorycles, after Carlsson, from 

form working in such sesamoid 

” (os falciforme) ; Uj ulna, 

close quarters as the 

average burrow. Length would also increase the mechanical dis- 
advantage which always accompanies a lever whose weight 
arm is long in proportion to the power arm. In some semi- 
fossorial types, on the other hand, such as the hares and the 
pig-footed bandicoot, there is need of speed sufficient to offset 
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the advantages afforded by short limbs in their partial subter- 
ranean life. 

The hand particularly is broad and stout, with long claws, and 
it differs materially from the foot, as the two members have under- 
gone divergent specialization, the hand loosening the earth while 
the foot not only throws it further backward but also serves to 
drive the creature ahead and resists the occasional backward thrust 
received from the hands. In the common mole, Condijlura^ the 
hand is as broad as the entire body is high, so that a single sweep of 
this very efficient organ will clear a space wide enough for entrance, 
hence the digging is very rapidly accomplished. This broadening 
of the hand in the mole and in the echidna is effected not only by 
having all of the original five fingers fully developed, but by the 
further addition of a bone {os falciforme) which increases the 
breadth of the palm materially (see Fig. 50). In the golden mole 
{ChrysochloriSf Fig. 50, B) there are but four fingers, of which the 
two middle ones are greatly enlarged and bear powerful claws, so 
that while the hand is not broadened it is still very effective. 

The bones of the fore limb are always very strong, with promi- 
nent tuberosities for muscular attachment. This is especially true 



Fig. 51. — Skeleton of common mole, Talpa europcea. (After Pander 
and D’ Alton.) 


of the ridges at the proximal end of the humerus, which serve fov 
the insertion of the powerful shoulder muscle, and those which aid 
in rotating the hand. The olecranon process, which is the extension 
of the ulna beyond the elbow-joint, is notably large in fossorial 
forms, as it is the insertion of the powerful triceps muscle which 
serves to straighten the arm, hence the greater the olecranon the 
more effective the leverage (see Fig. 51). One peculiarity of wholly 
fossorial forms lies in the narrow shoulders, for the fore limbs must 
not dig too broad a burrow and yet must be sufficiently developed 
to have adequate leverage. As a consequence the shoulder sockets 
must be as near each other as possible, and this is effected in one 
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of two ways: generally by a shifting forward of the entire shoulder 
girdle and upon the neck, as in the monotremes and northern moles 
(Figs. 49 and 51); or, as in the golden mole (ChrysochloriSj Fig. 
50, B), by a hollowing out of the walls of the chest, the ribs and 
sternum (breast-bone) being convex inward instead of outward. 
The shifting forward of the shoulder in the true mole is accom- 
plished through the elongation of the first sternal segment {mauvr 
brium sterni)^ carrying with it the remarkably short clavicles or 
collar-bones. A powerful shoulder is essential to resist the great 
muscular strain, hence in digging types, as in those which climb and 
fly, the clavicles are retained and are fully developed. In the mono- 
tremes, not only are the clavicles present, but they are reinforced by 
a large T-shaped episternurn and a pair of powerful coracoids which 
extend from the shoulder socket to the presternum (see Fig. 49). 
In no other mammals do these latter reptilian elements reach the 
breast-bone, but they are generally represented by vestigial pro- 
cesses. Emphasis has been laid upon the retention of many primi- 
tive features by the monotremes and much of this may be due, as 
in the present instance, to their fossorial mode of life. It is some- 
times difficult, however, clearly to distinguish cause and effect. 

The divergence of function which has been emphasized between 
fore and hind limb has resulted in a decided difference in their 
relative power. In the hind limb the femur is by no means as 
robust as the humerus, nor are its tuberosities for muscular attach- 
ment so excessively developed as in the latter bone. Greater 
strength is given to the lower leg by a partial fusion of the tibia 
and fibula, and the calcaneum or heel bone is very prominent, as 
the increased leverage thus gained aids very largely in pushing the 
animal forward by extending the foot more powerfully. In the 
mole Tcdpa there is a large sesamoid bone at the side of the tibia 
corresponding to the os faldforme of the hand, but otherwise the 
foot exhibits none of the great modification which the hand has 
undergone. In the hind limb of the monotremes there is an un- 
usual extension of the proximal end of the fibula beyond the ar- 
ticulation at the knee, comparable to the olecranon process at the 
elbow and doubtless subserving the same mechanical need (see 
Fig. 49). 

As the stress is largely transmitted from the hind limbs forward 
in the direction of the axis of the body in subterranean creatures, 
instead of vertically in opposition to gravity as in most terrestrial 
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forms, the ilium and ischium have become elongated in the fore- 
and-aft direction and lie parallel to the vertebral column instead 
of forming an angle therewith as usual. The ilium is also fused, 
usually throughout its entire length, with the sacrum, which in 
some forms, notably the armadillos, consists of a large number of 
co5ssified vertebrse. 

In addition to the firm fusion of the sacral vertebrse, those of the 
loin and neck also tend to coossify to give greater strength and 
firmness in pushing the animal through the earth. It is also pos- 
sible that the peculiar intercentral ossicles between the lower por- 
tions of the lumbar vertebrae of the mole Talpa and the hedgehogs 
(Erinaceidae) may be of use in strengthening the vertebral column. 
Such structures are comparatively common among reptiles, but 
are extremely rare among mammals except in the tail. The neck 
vertebrae vary, for in the wombat (Phascolomys) and the arma- 
dillos the cervicals are wide and depressed, and in the latter several 
of them are commonly fused together or anchylosed as in the 
whales. In the mole the fourth, fifth, and sixth cervicals are much 
elongated and overlap each other. This region of the neck i^ that 
covered by the forward-shifted shoulder girdle, which undoubtedly 
accounts for this modification. The transverse processes of the 
lumbar vertebrae and the muscles which are attached to them ex- 
hibit comparatively little development, as the strains transmitted 
are largely longitudinal with little or no lateral movement. 

Hibernation. — Winter sleep is a necessity on the part of sub- 
terranean animals living beyond the limits of the tropics, because 
of the absence of green vegetation which forms either directly, or 
indirectly by supporting insects and worms, the mainstay of their 
diet. Digging through frozen soil would be so insuperable a task 
that it is also prohibitive of active underground life. An exception 
to this rule would be the lemming (My odes lemmus) whose “food 
is entirely vegetable, especially grass-roots and stalks, shoots of 
the dwarf birch, reindeer-lichens, and mosses, in search of which 
they form, in winter, long galleries through the turf or under the 
snow'^ (Flower and Lydekker). 
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Fig. 54.- 


-Marine turtle, ^‘hawksbill,” Chelone im* 
bricata. (After Haeckel.) 


egg-laying, brings them to the land at all, and this annual shore- 
ward migration is fraught with dire peril which nothing but the 
most urgent summons would cause them to face. There is rea;Son 
to believe, more- 
over, that in some 
species the males 
never come ashore. 

(^The final stage in 
reptilian adaptation 
was shown by the 
ichthyosaurs (Fig. 

55) of the Mesozoic 
whose perfection for 
their life conditions 
equalled that of the 
modern whales, 
even to the utter 
abandonment of shore going, for there is abundant evidence from 
the contained embryos in several known specimens that these 
medieval high-seas corsairs brought forth their young alive and 

therefore did not need to 
go ashore for egg-laying. 
This is a necessary part 
of ultimate aquatic 
adaptation, for no egg 
laid by a truly air- 
breathing vertebrate 
{i. e. allantoic egg, see 
page 4 56), can be 
hatched in the water, 
as the enclosed embryo 
would drown as cer- 
tainly as would a sub- 
merged adult. 

A list of secondarily aquatic vertebrates follows: 



Fig. 55. — Ichthyosaur. Restoration by Knight. 
(From Schuchert^s Historical Geology.) 


Order Chelonia 
Order Sauropterygia 
Order Proganosauria 


Class Reptilia 
Amphibious 

Swamp and river turtles 
Nothosaurs 


Aquatic 

Sea-turtles 

Plesiosaurs 

All 
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Order Ichthyosauria 
Order Thalattosauria 
Order Parasuchia 
Order Crocodilia 

Order Squamata 

Order Dinosauria 

Eight orders 

Order Odontolcie 
Order Ichthyornithes 
Order Pygopodes 
Order Impennes 
Order Tubinares 

Order Steganopodes 

Order Herodiones 
Order Anseres 
Order Gaviae 
Nine orders 


Class Reptilia — Continued 

Amphibious Aquatic 

All 
All 

Phytosaurs 

Crocodiles and alligators Extinct sea-croco- 
diles 

Marine iguanas 
Mosasaurs 

Amphibious sauropods, 
hadrosaurs 

Class Aves 

Hesperornis 

Ichthyornis 
Loons and grebes 

Penguins 

Petrels, albatross, puflfins, 
etc. 

Gannet, cormorant, frigate 
bird, pelican 
^flamingo 
Ducks and geese 

Gulls, terns, auks Great auk 

Class Mammalia 


Order Monotremata Orniihorhynchus 

Order Marsupialia Water opossum 

(Chironectes) 

Order Insectivora Aquatic shrews, desman, 

etc. 

Order Rodentia Muskrat, water rat, beaver, 

capybara, etc. 

Order Carnivora 

Suborder Fissipedia Sea otter, otter, mink, etc. 
Suborder Pinnipedia All 

Order Cetacea All 

Order Ungulata Hippopotamus 

Order Sirenia All 

Eight orders 


Thus there are twenty-seven orders of secondarily adapted water- 
inhabiting vertebrates all told, some of which are exclusively 
aquati^j Many of these, of course, are now extinct, so that the 
whole piilhber is far in excess of those of any one time. Of aquatic 
lung-breathers, the honor falls to the reptilian order Proganosauria, 
which are the first in point of time, as their remains are found en- 
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tombed in rocks of Permian age not very long, relatively, after the 
reptiles were established. 

Body Contour. — As in primarily adapted forms, the body con- 
tour becomes stream-lined, the neck constriction disappears, 
the tail enlarges, and the same numerical lines prevail. This 
assumption of the fish-like form is best seen in the fully aquatic 
orders — Ichthyosauria, Cetacea, Sirenia, Pinnipedia—and to a 
lesser extent in several other groups. The minor factors con- 
tributing to this general effect are, first,^ skull modification. This 
includes a shortening of the cranium or brain-case, which becomes 
proportionately higher and wider, with a consequent effect upon 
the proportions of the brain, which is likewise short and wide. 
iThe facial portion of the skull, on the contrary, tends to elongate 
so that many forms, especially those which subsist upon active 
prey, as the porpoises and ichthyosaurs did, have an elongated 
slender snout or rostrum. The zygomatic or temporal arch in the 
Cetacea is also reduced almost to a vestigeu 

The neck shortens very materially and there is a loss of mobility 
in the swifter, tail-driven types. In those forms like the plesio- 
saurs, whose paddle propulsion was necessarily slower, an elon- 
gated, supple, darting neck was necessary to overtake the swiftly 
moving prey. In the whales, while the number of cervical vertebrae 
is the standard mammalian seven, they may be fused into a solid, 
compressed mass of bone, whereas the neck of the manatee among 
Sirenia, with but six cervicals, forms one of the three exceptions 
to the standard number, the other two, as we have seen, belonging 
to the sloths. 

In old-fashioned reptiles derived from primitive stocks which 
early became adapted to aquatic life, such as the ichthyosaurs, 
the vertebrae retain their ancient simplicity, having simple bicon- 
cave bodies or centra like those of fishes. In higher forms the verte- 
brae tend to simplify secondarily, due to the fact that the body, 
being water-borne, is equally supported throughout, hence the 
vertical stresses which are the result of gravity in land animals are 
practically eliminated, and the thrust or driving force is trans- 
mitted longitudinally through the column. This simplification 
includes the centra or bodies of the vertebrae and especially the 
secondary articulations or zygapophyses. The several processes 
may become reduced in the trunk region but elongated in the tail 
to provide greater area for muscular attachment. 
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(The sacrum, that portion of the vertebral column which articu- 
lates with the pelvis and which, therefore, in land animals has to 
withstand and transmit the supporting impact of the hind limbs, is 
more or less reduced in direct ratio to the loss of supporting or pro- 
pelling function on the part of these appendages^ Thus, in the 
ichthyosaurs, {cetaceans, and sirenians the sacrum cannot be dis- 
tinguished from the other vertebra3 and while its approximate local- 
ity cannot be far from the vent, the actual identity of the former 
sacral vertebrae is lost.; 

(The chest of the truly aquatic type tends to become cylindricaj) 
land forms, on the other hand, generally show lateral compression, 
especially if they are quadrupedal in their mode of progression, 
with the body off the ground. (The chest in aquatic types is also 
modified in such a way as to bring the internal cavity higher to- 



Fig. 56. — Skeleton of porpoise. The vestigial pelvic bones are shown em- 
bedded in the flesh. (After Pander and D’ Alton.) 

ward the back. This insures greater stability of flotation and 
increased lung capacity and is accomplished by the ribs tending 
to become highly arched dorsally and then to move upward from 
their point of attachment on the centra to the transverse processe^ 
A gradation in this last feature may be demonstrated by taking first 
the ichthyosaurs, wherein the rib articulation is entirely central, 
both rib facets — that for the capitulum or head and that for the 
tuberculum — being on the body of the vertebra, a unique feature 
which makes an ichthyosaur centrum unmistakable. In the Pin- 
nipedia the position is transitional, whereas^n the whalebone 
whales the articulation of ribs and vertebrse is extremely loose, 
probably to allow great mobility of the chest for the rapid respira- 
tion necessary after prolonged submergence. In the Sirenia and 
Cetacea the diaphragm has become horizontal in position instead 
of being practically vertical as in most quadrupedal mammal^ 
(Jhe hones of swimming forms tend to become fight and spongy, 
the interstices in those of the whales being filled with oil) Excep- 
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tions to this are found in forms which, like the walrus and Sirenia, 
derive their sustenance from the bottom, the walrus feeding on 
molluscs, the sea-cows subsisting on submarine vegetation just as 
their bovine namesakes graze in terrestrial meadows. This neces- 
sitates a ballasting which is secured by increased weight of bones, 
like the great, wide, massive ribs of the manatee. 

Externally, the secondarily adapted sea-vertebrate is charac- 
terized, like the fish, by the elimination of retarding excrescences, 
hence in the course of their evolution aquatic mammals have lost 
all trace of external ears. This not only renders the contour of the 
head smoother, but removes a practically useless appendage, for 
the pinna of the ear has for its especial use the collection of aerial 
sound waves, a function which is valueless in a submerged form. 
Thus the ears are reduced in amphibious mammals, and are totally 
lost in the whales and true seals and walrus, though retained in 
reduced condition in the sea-lions (Otariidae) which spend much of 
their time ashore. The occasional atavistic occurrence of external 
ears in the porpoise has been noted. \ 

(The external nostrils or nares tend to forsake their old terminal 
position at the end of the snout and move toward the apex of the 
head as in most of the whales,) ichthyosaurs, phytosaurs, and 
mosasaurs, (mainly in forms with reduced mobility of neck in which 
the vertex of the head first appears above the surface of the water. 
This one feature is invariably indicative of aquatic life. The 
nostrils are often capable of being closed^as is also seen in desert- 
adapted forms like the camel as a protection against drifting 
sand. 

(The eyes in amphibious types also tend to shift higher on the 
face as in the hippopotamus, whose nostrils, eyes, and ears can 
appear above the surface of the water while all the rest of the head 
and body remains submerged. The advantage of this is obvious. 
In truly aquatic types, on the other hand, the eye does not shift 
its position, as aerial vision has largely lost its importance, but 
instead of this the eyes become adapted to aquatic vision which, 
because of the denser medium, requires a different curvature of the 
lenses. They adapt their vision to the air by contracting the 
pupil to a narrow slit, vertical in the seals and horizontal in the 
whales, or by an actual shifting of the position of the crystalline 
lens. Penguins which pursue their prey submerged are curiously 
limited in their aerial vision. 
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Locomotive Mechanism.-^Fleshy, fin-like expansions of the 
body-wall occur in the whales) and ichthyosaurs and also probably 
in the extinct thalattosaurs and sea-crocodiles (thalattosuchians) 
(see Fig. 60, These finsj as in fishes, may be dorsal 



Fig. 57. — Killer whale, Orcinus rectipinna. (After Scammon.) 


and caudalJfThe dorsal fin is a triangular structure, essentially 
equilateral in the ichthyovsaur, ^ery high and narrow in the killer 
whales, especially Orcinus rectipinne^ (Fig. 57). On the other hand, 
some whales such as DelphinapteruSj the white whale, and Balxua^ 
the right whale, lack the dorsal fin entirely; while(in the sulphur- 
bottom, Balaenoptera rrmsculusy the fin is small and situated well aft 
upon the tail. The development of this fin must be entirely a 
response to mechanical needs and correlated with a certain bodily 
form and peculiarity of locomotion) just as the deep fin-keel of a 
sailing yacht would be superfluous upon a motor-driven craft. 

Secondarily aquatic types very often go back to first principles 
and readopt the old wriggling or undulatory motion of their pristine 
ancestors, to which fins, etc., are only subsidiary. This also ac- 
companies elongation of body, multiplication of segments, and loss 
of limbs (as in the zeuglodonts and many long-tailed aquatic types). 



Fig. 58. — Plesiosaur, Cryptocleidusy restored by Knight. 


Thus two methods of propulsion are seen among aquatic types, 
even in those whose adaptation has passed the amphibious stage. 
Williston has called them ^'oar propulsion^' and (^tail prop ulsioni} ^ 
In the former, exemplified by the turtles and plesiosaurs (Fig. 58) 
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the limbs are more nearly equivalent in size and propulsive power 
than in tail-propelled types. In the latter, ^hich is included in the 
undulatory form of locomotion, that seen in the) ichthyosaurs, 
'whales, and sirenians, the hind limbs tend to disappear until finally 
no external vestige is discernible, though slender bones, represent- 
ing the pelvis, thigh, and sometimes the tibia, may be found deep 
buried within the fles^ (see Figs. 56 and 182). 

It is characteristic of secondarily aquatic vertebrates that where 
unpaired fins are developed they are never supported by the 
skeletal elements, known as fin rays, as they are in fishes; they 
may, however, be strengthened by masses of dense connective 
tissue. 

The ichthyosaurs were extinct forms ranging in time from the 
Triassic to the late Cretaceous. The earlier species moved largely 
by means of the limbs, the later ones almost exclusively by the 
tail. In the former the hind limbs were nearly as large as the front 
ones, while in the later ichthyosaurs, as the tail developed the 
hinder paddles were reduced in size until they were often very 
much smaller than those in front. More than eighty years ago Sir 
Richard Owen, the great English anatomist, noticing a curious 
downward dislocation of the tail at its mid-length in many articu- 
lated skeletons, came to the conclusion that the ichthyosaurian 
tail must have borne a terminal fleshy fin (]uitc like that of the 
whales and sirenians, but it was not until forty years later that 
vspecimens showing the actual outline of the body and fins were 
found and Owen^s conjecture verified. His only error lay in the 
supposition that the caudal fin was horizontal like those of the 
mammals, whereas it is vertical like that of a shark. The ichthyo- 
saur tail is diametrically opposed to that of the shark, however, 
for in the latter the backbone is deflected upward into the superior 
lobe of the fin, whereas in the former it extends along the front 
margin of the lower one. This may be due to the fact that the 
caudal arose as a low fm-like expansion along the upper side of the 
tail, not an uncommon thing among air-breathing vertebrates, 
and ultimately developed into the widely expanded fish-like fin of 
the later forms. The diagram of the ichthyosaur caudals will 
make this clear (see Fig. 59). 

The Thalattosuchia or sea-crocodiles were a short-lived race, 
their remains being confined to the rocks of Upper Jurassic age in 
Europe. They were also of moderate size compared with other 



ORGANIC EVOLUTION 


^96 





Fig. 69. — Propelling tails, caudals, of ichthyosaurs, showing the develop- 
ment of the organ. A, Mixosaurus nordenskjoldi, Trias, Spitzbergen; B, Ichthy- 
osaurus quadriscissus, young, Upper Lias, Wiirttemberg; C, same species, 
adult; D, /. trigonus var. posthumusj Upper Jurassic, Solenhofen, Bavaria. 
(From Abel.) 
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marine vertebrates, ranging from 10 to 20 feet in length. But few 
forms are known, of which Geosaurus (Fig. 60) is perhaps the most 
typical. This type shows a sharp downward bend toward the end 
of the tail as in the ichthyosaurs and the inference that like them 
the creature bore a well developed caudal fin is undoubtedly cor- 
rect. Strangely enough, however, the hind limbs were much larger 
than those in front, probably a character inherited from its shore- 
dwlling ancestry. 

frhe caudal fin of the marine mamnialsj differs markedly from 
that of the reptiles in ^eing horizontaljinstead of vertical and in 
the symmetry of its two halves or flukes, ^he bone dividing the 
tail into two equal part^ather than running into one lobe to the 
exclusion of the other. (In the Sirenia the same is true, the manatee 



Fig. 60. — Marine crocodile, thalattosuchian, Geosaurus. (From Williston’s 

Water Reptiles.) 


having a rounded tail, while in the dugong (Halicore) and the 
exterminated Steller^s sea-cow (Rhytina) it was notched like that 
of a whale. 

(Limbs. — Webbed feet are the first natatorial adaptation, and 
the degree of webbing is a very variable thing. It may consist 
simply of lobe-like lateral expansions of skin on either side of the 
toes^as in the coot,(or of actual connections from digit to digi^ 
3&xtreme aquatic adaptation, on the other hand, implies the de- 
velopment of a paddle in which there is a loss of mobility of the 
various joints, the entire skeleton of the limb being enclosed by 
the skin in a single mass showing no external divisions into fingers 
and toes. The result is the production of a flexible paddle of great 
aquatic utility, but ill adapted for coming ashore. As a further 
modification the individual phalangeal bones increase in number 
(hyperphalangy) and, in some instances, one or more additional 
rows are seen, as though extra toes over the normal five had been 
added (hyperdactyly). There is also a change in relative propor- 
tions of the various segments as in cursorial adaptation, the 
humerus or femur diminishing in length while the other individual 
bones may shorten much more, although from their increase in 
numbers the area represented by the digits may become very 
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much extendedj In some instances, as an especial modification, 
for example, in the round-headed dolphin, Globicephalus (see 
Fig. 13,C), while the length of two or three of the digits may be 
ve^ great, the others may be much reduced. 

(The reduction of the hind limbs with the development of the 
tail has been mentioned, together with thei^ total loss externally 

in the aquatic mammals.j 
A their ves- 

^ ^ n ® C l^igcs discernible in the 

^ ) / form of the bones hidden 

Q j \ flesh, but as Klik- 

enthal has shown, exter- 
^ traces (Anlagen) of 

them are visible in foetal 
whales {Megaptera, the 
humpback whale) on 
— vent. 
sNMB i^ntegument. — The 

modification undergone 
by the skin in aquatic 
animals is in the line of 
Fig. 61. Ichthyosaur paddles. A, left an- reduction\of armoring, (of 
terior paddle of Merriarnia zitieli, Trias, Cali- , . /» i ^ ^ ^ 

fornia. (After Merriam, from Abel.) B, same, ^air, of skin glands, rnus- 
of Ichthyosaurus platydactylus, Lower Greta- cles, and nerves) Loss of 
ceous (Aptian), Germany. (After Broili, from armor has taken place in 

the ichthyosaurs, for rep- 
tiles are primitively armored and in the wonderfully preserved 
specimens from Holzmaden, Bavaria, the only remaining traces 
lie on the anterior edge or cutwater of the fins, and, in one speci- 
men at least, along the mid-dorsal line from the head to and on 
either side of the dorsal fin. 


^The loss of hair is characteristic of marine mammals, and the 
reason seems to be that whereas hair is a wonderfully good non- 
conductor of heat when dry, in that it retains a blanket of still 
air around the body, it is of little value in the water} Hence the 
fur seals (Otariidse) which retain more terrestrial characters than 
do the hair seals (Phocidae), such as the external ear and the ability 
to use the hind limbs for progression on land, still wear a thick 
under coat of fur — the sealskin of commerce. The hair seals with 
their more perfect aquatic adaptation come ashore more rarely 
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and have lost the furry under coat entirely, retaining simply the 
so-called contour hairs, so that their hides are valueless as fur al- 
though used for other purposes. (The whales and sirenians have 
lost all traces of hair except perhaps a few bristles around the 
mouth, but most of them are well covered with foetal hair before 
birth, which points to an ancestrally hairy condition. In a few 
instances, such as the white whale or Beluga and the narwhal, even 
the fmtus has lost its hair, thus showing the extreme of specializa- 
tion^H 

(As a compensation for the loss of hair, the mammals have de- 
veloped a layer of fat in the connective tissue beneath the skin 
(subcutaneous tissue) and this serves admirably for the retention 
of the bodily heat which would otherwise radiate out very rapidly 
into the surrounding wate^ Even with this device much heat 
apparently is lost, for one ox the greatest impediments experienced 
in shipping to New York porpoises caught on the coast of the 
Carolinas was the difficulty of keeping the water in the shipping 
tanks, and therefore the animals contained in them, sufficiently 
cool for health. This shows that the porpoises develop so great 
an excess of heat that a more efficient heat-retaining integument 
is not necessary; the heat excess being correlated with the high 
speed which these animals can attain (see page 302). 

(Skin glands such as sweat or oil glands have their value impaired 
if their secretions are continually washed away, hence their reduc- 
tion in aquatic animals; while the thickening and immobility of 
the skin has resulted in the atrophy of its muscles and nerves. 
The salivary glands of those forms which devour their food under 
water are also reduced, possibly because their secretions would be 
too largely diluted to have great digestive value, and partly be- 
cause the mechanical function of lubrication to aid in swallowing 
is subserved by water taken in with the food., 

Mouth Armament.~(Except in the sea-cows and walrus the 
jaws, being no longer used for mastication, but only for the pre- 
hension of relatively feeble prey, have very largely lost their power, 
so that the coronoid process and other areas for muscle attachment 
are reduced. The teeth also suffer modification, usually in the 
direction of simplification, the increase of numbers, or on the other 
hand total loss from one jaw (sperm whale) or both (baleen whale). 
In the latter instance the function of the teeth is taken by the 
remarkable baleen or whalebone to be described later. The marine 
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reptiles have simple prehensile teeth fitted for the retention of 
slippery prey, except the sea-turtles whose teeth had disappeared 
longk'before their aquatic adaptation began. 

The Cretaceous marine lizards or mosasaurs (Fig. 62) show a 
remarkable adaptation for the prehension of prey, for not only 



Fig. 62. — Skull of a mosasaur, Clidastes, Cretaceous (Niobrara), Kansas. 

(From Williston’s Water Reptiles.) 

were the rims of the jaws armed with slightly recurved teeth, but 
others were borne upon the roof of the mouth as well. The lowei 
jaws instead of being firmly united together at the symphysis 
(chin) were connected by an elastic ligament and each jaw was 
doubly articulated with the skull through a very movable inter- 
vening bone, the quadrate. The most remarkable thing, however, 
was an extra joint in the mid-length of each jaw bone so that it could 
be bowed out into a decided curve and thus, as in snakes, effect 
the swallowing of prey larger than the normal gape of the mouth. 



Fig. 63. — Zeuglodon skull, Prozeuglodon atrox, Upper Eocene (Birket-eU 
Qurun), Egypt. (After Andrews.) 

^he whales show a very interesting tooth gradation. Ancient 
whale-like forms (zeuglodonts) still had the tooth differentiation 
characteristic of mammals, the cheek or molar teeth bearing 
many cusps arranged in longitudinal series (see Fig. 63). In the 
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modern whales, in which the teeth are retained, they are generally 
simple cones and are as a rule much more numerous than the 
normal number for a placental mammal which is forty-four, eleven 
in each half of each jaw. In Glohicepnalus, the cahng whale, the 
number may be over one hundred, and the dolphins, Delphinus 
and 7ma, may have twice that number. As we have seen, the 
sperm whale, Physeter^ is devoid of functional teeth in the upper 
jaw, in spite of the fact that it feeds upon active cephalopods 
(giant squid). Monodon, the narwhal, has but a single tooth, 
although its mate may be vestigial, in the form of a long, spirally 
twisted tusk or ‘^horn,^^ really a modified incisor. In the female 
the horn is reduced. In the curious toothed whales, Ziphius and 
Hyperoodoriy there is but a single tooth in each mandible. The 
latter genus has small teeth in the upper jaw, which are also 
present but functionless in the former. (See Chapter XXXIV.) 

■Jn the baleen whales, which may possibly represent a distinct 
whale-like evolution from that of the toothed forms, the teeth are 
entirely absent except for vestiges in the embryo, which, however, 
never cut the gum. In their place there has been developed the 
remarkable baleen or whalebone. This is a horny outgrowth from 
the epithelium lining the mouth and may be compared to an exag- 
geration of the transverse ridges on the palate characteristic of 
many mammals. Each piece of whalebone is triangular, attached 
by its base to the roof of the mouth, with the free inner margin 
frayed out into numerous threads which form the straining appa- 
ratus.) When the creature feeds it rushes open-mouthed through 
swarms of whale food or ^^brit'^ (pelagic organisms which are 
largely pteropod molluscs); then the mouth is partly closed and 
the water is forced out between the plates of whalebone by the 
tongue; thus the organisms are strained out and subsequently 
swallowed. (See Chapter XXXIV.) 

The ichthyosaurs, while as a rule well toothed, also reduced the 
dentition so that in the American genus Baptanodon and the Euro- 
pean Ophthalmosaurus, which were related if not identical, the teeth 
had become vestigial and functionless, although the germs were 
still present in the jaws. The convergence of the older ichthyo- 
saurs toward the modern whales is thereby rendered all the more 
complete and certainly the diet of fish and cephalopods in the 
toothed forms, as shown by the fossil waste voided from the ali- 
mentary canal (coprolites) in the ichthyosaurs, was the same in 
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both instances. But the food of the toothless ichthyosaurs is 
harder to conjecture; there is certainly no evidence of the develop- 
ment of anything comparable to baleen, as has been suggested, 
precocity. — Mental precocity is as necessary in the gregarious 
aquatic animals as among the cursorial, and they soon show ability 
to keep up with the mother. The new-born young of whales are 
from one-quarter to one-sixth the length of the parent and a por- 
poise about half the length of its mother has been seen maintaining 
its position as readily as she at the bow of a 15-knot ship^ 
^peed. — Records of speed are difficult to obtain, but porpoises 
are known to keep pace with a 39-knot destroyer, sheering off 
ahead of the craft with the utmost ease, and this speed is main- 



Fig. 64. — Sulphur-bottom whale, Balcmoptera musculusy with the African 
elephant Jumbo,” Loxodonta africana, drawn to scale. 


tained with, as a rule, an almost inappreciable vibration of the 
highly efficient propelling tail,^) as seen from above. (See al«o 
page 315.) /' 

j^Size. — Water-borne animals exceed all others in size, for the 
energy exhausted by terrestrial creatures in overcoming gravity 
may here be turned into growth force^The largest recorded ter- 
restrial animals which live are the elephants, of which ^‘Jumbo,^^ 
an African specimen, had a height of 11^ feet and a weight of six 
and one-half tons. African elephants grow to 13 feet and the great 
imperial elephant of the American Pleistocene may have exceeded 
this by a foot, ^n comparison with a sulphur-bottom whale, how- 
ever, with a len^h of 87 feet and an equivalent weight in tons, the 
elephant becomes insignifican^(see Fig. 64). The largest strictly 
terrestrial dinosaur, Tyrannosaurusy reached a length of 47 feet 
and a standing height of 18 to 20 feet. The bulk of body, tail, and 
hind limbs was also great, but the amphibious dinosaurs exceeded 
it, although the disparity of size was not comparable with that of 
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whale and elephant. Brontosaurus, on« of the most ponderous 
dinosaurs, had a length of 67 feet and an estimated weight when 
alive of 38 tons. Piplodocus, while more slenderly proportioned, 
was at least 87 feet long; and the remains of Gigantosaurus from 
East Africa (Tendaguru) indicate an animal nearly equalling Div- 
lodocus in length and heavier than Brontosaurus, 
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CHAPTER XXI 


SCANSORIAL ADAPTATION 

Need of Scansorial Adaptation. — Climbing on the part of ar- 
boreal animals is not necessarily a manifestation of ambition, but 
quite the reverse, in that relatively feeble creatures may take to the 
trees for safety and retreat and for abundant and easily procured 
food. Historically, arboreal life is of more than passing interest, 
for it is probable that practically all flying vertebrates, except 
fishes, were derived from scansorial types and that, on the part 
of the mammals at least, during the long Age of Reptiles arboreal 
life was the one factor more than any other that safeguarded the 
race and rendered its subsequent evolution possible. 

The list of climbing animals is very great, but of those which 
show very marked adaptation to arboreal life the numbers are 
relatively few. A partial list is as follows: 

Class Pisces 

Climbing perch {Anahas scandens). 

Mud skipper {Periophthalrnus barbarm). 

Class Amphibia 

Stegocephalians from the Coal Measures tree trunks. 

Tree frogs. Very large group with convergences. Cosmopolitan except for 
Africa. 

Class Reptilia 

Lizards, especially geckoes and chameleon. 

Tree snakes. 

^T"roavian^7 

Class Aves 

Passerine birds. 

Hoatzin. 

Parrots, woodpeckers, wood-hewers, and several instances among the 
typically terrestrial orders. 

Galliformes; cruassows, guans, chachalacas. 

Gruiformes: trumpeters. 

Anseriformes : tree-ducks, muscovy ducks. 

Pelecaniformes: snake birds, cormorants. 
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Class Mammalia 

Order Marsupialia. 

Didelphyidae, opossums; all but ChironecteSy the water opossum. 
PiialangeridsD, phalangers. 

Macropodidis : Dendrolagus, the tree-kangaroo. 

Dasyuridse: Dasyurm, Phascologale, 

Order Edentata. 

BradypodidsG, tree-sloths. 

Myrmeeophagidae, anteaters: Tamandmif Cycloturm* 

Cohort Ungulata. 

Hyracoidea: DendrohyraXy the tree-hyrax. 

Agriochcerm, an extinct oreodont. 

Order Carnivora 

Felidae, cats: many partially, jaguar only, wholly. 

Viverridae, civets, etc. : Cryptoprocta^ Viverra, Arctictis. 

Procyonidac: Procyon^ the racoon; Cercoleptes^ the kinkajou; Nasuay 
the coati; Bassariscusy Bassaricyon, 

Mustelidae: the martens, and Helictis, 

Ursidae: the brown bears. 

Order Rodentia. 

Anomaluridae, flying squirrels. 

Sciuridae, squirrels. 

Lophiomyidae. 

Myoxidae, dormice. 

Cercolabidae : only the American tree-porcupines (Erethizon), 

Order Insectivora. 

Tupaiidae, pen- tailed shrews. 

Erinaceidae: Gymnura only. 

Galeopithecidae, ^‘flying lemurs.^^ 

Order Cheiroptera, bats. 

Order Primates. 

All but man, the baboons and a few ground monkeys. 

Only excepted orders: Monotremata, Cetacea, Sirenia. 

Bionomic Classification 

Wall and Rock Climbers. — The classification of scansorial ani- 
mals from the standpoint of their adaptation groups them into three 
subdivisions, of which the first are the wall and rock climbers. 
These are not necessarily tree-inhabiting at all, but are, like the 
gecko lizards, well suited for climbing on the walls of buildings as 
well as on similar surfaces in nature. The geckoes (see Fig. 77) are, 
however, a very old and widely distributed group, and the range of 
their individual adaptation is great, hence it may well be that their 
scansorial adaptation is after all a response to arboreal life, and 
that the peculiar structure of their climbing organs rendered sub- 
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sequent rock-climbing possible. Among mammals there is a genus 
of flying squirrels limited to high altitudes at Gilgit and perhaps 
in Thibet, and thought to live on rocks, perhaps among precipices 
(Beddard). Here, again, we have a form whose ancestry may have 
been arboreal, but if not, it would afford an interesting instance of 
volant adaptation without an intermediate arboreal habitat. 

Terrestrio-arboreal Forms. — The second category, the terrestrio- 
arboreal, embraces a number of carnivores, rodents, and insecti- 
vores which, while capable of climbing, nevertheless are still per- 
fectly at home upon the ground beneath the trees. They may 
nest in the trees with more or less extensive terrestrial excursions 
during the daytime, or they may climb for food and live on the 
earth unless impelled by hunger. Their climbing adaptations are 
not very marked. 

Arboreal Forms. — Still a third group embraces the wholly 
arboreal types, creatures which make the trees their home, and 



Fig. 65. — Sloth, Cholceym^ walking suspended 
from a branch. (After H. Allen.) 


while some occasionally 
descend to the ground as 
in certain primates (gib- 
bon), their terrestrial pro- 
gression may be slow and 
laborious compared with 
that in their true habitat. 
Arboreal forms, accord- 
ing to their mode of loco- 
motion, may be grouped 
in the following subdi- 
visions: 


1. Branch runner Sj like the squirrels, marsupials, lemurs, and 
chameleons, which live and progress on all fours on the upper sur- 
face of the branches. The group embraces, nevertheless, some in- 
stances of very perfect arboreal adaptation, as the great majority 
of tree-dwellers are here included. 

2. Forms suspended beneath branches. The sloths (Fig. 65), 
for instance, are so constituted that they cannot walk upon the 
branches but rest and move suspended from them by the powerful 
recurved claws of all four limbs. Sometimes when quiescent, if a 
convenient branch lie sufficiently near, the sloth may rest his back 
on it and relax the hold of one or more of his feet, but the in- 
verted position is rarely reversed. On the ground the animal 
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progresses with the utmost difficulty. The bats should perhaps 
also be included under this head, as they rest suspended by the 
hind limbs, head down. The same position of rest is assumed by the 
so-called flying lemur, GaleopithecuSj really not a lemur at all but 
an insectivore (see page 317). 

3. Forms swinging by the fore limbs (brachiators, Gr. /Spaxtcoj', 
arm). These forms show a very remarkable method of progression 
by means of the fore limbs, swinging with great speed and accuracy 
from limb to limb and from tree to tree. The hind limbs are com- 
parable to those of the tree-dwelling marsupials and the creatures 
rest and progress on the tops of the branches at times, although 
the fore limbs are almost the sole organs of more rapid locomotion. 
Here belong many of the primates, more especially the great or 
manlike apes, and our pre-human ancestors. 

Modifications 

Body. — Climbing adaptation, as in the other lines of adaptive 
radiation, implies certain body modifications as well as those of 
limbs. Body contour is of little moment in climbing, but strength- 
ening of chest and ribs and of shoulder and hip girdles is of impor- 
tance. Nevertheless, in thoroughly arboreal types the section of 
the thorax anteriorly is subcircular, and the ribs are much curved, 
in contrast with the compressed thorax and flat anterior ribs of 
quadrupedal running types (Anthony). The ribs, especially in the 
sloths, are numerous and afford ample support to the con- 
tained viscera in their inverted position. The dorso-lumbar series 
of vertebrae is often elongated, especially in the tree-sloths of the 
genus Choloepus (Fig. 66), where the number has apparently been 
increased from about nineteen (normal for the order) to from 
twenty-five to twenty-seven as a response to arboreal need. The 
same is true of other forms. Capromys, an arboreal rodent, has 
twenty-three as compared with the normal nineteen, and Dendro- 
hyraXj the only arboreal ungulate now alive, has six more than its 
terrestrial, hoofed relatives. 

Limb Girdles. — The shoulder girdle especially is strong in that 
both elements, the clavicles and scapulae, are well developed, 
although in terrestrial types the clavicles tend to diminish, even in 
closely related forms, and may entirely disappear as in cursorial 
quadrupedal forms. The fore-and-aft swing of the limb of a deer 
or horse would be distinctly limited by a clavicle, but in a climbing 
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type whose arms are subjected to much more varied and violent 
strains the clavicle is very essential, as it withstands the compres- 
sion of the powerful breast muscles. The scapula is also well de- 
veloped, but not exceptionally so. 



Pelvic Girdle. — The ilium or hip-bone especially shows modi- 
fication in such types as the sloths and primates, as it is broadened 
out as a support for the viscera. This is markedly true of the sloths, 
whose inverted posture necessitates additional support, since the 
mesenteries or membranes which sling the intestine to the dorsal 
wall lose much of their efficiency when the body is erect or inverted. 

Limbs. — In contrast with the cursorial types, it is the proximal 
limb segments which now elongate, especially in the suspended and 
brachiating forms, those of the sloths again being very long, while 
in the great apes the relative length bears a direct ratio to the 
creature^s climbing powers, reaching the extreme in the gibbons 
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(Hylobates) whose arms are so long that the knuckles of the hand 
touch the ground when the animal stands erect. The progress of 
the gibbon from branch to branch and tree to tree is remarkable 
(see page 649 and PI. XXVII). Climbing forms are generally 
plantigrade, some of the raccoons secondarily so. In certain lemurs 
{Tarsius^ see Fig. 244:; Galago) the tarsus may be elongate, but this 
is probably due to the fact that the creatures leap as well as climb, 
and the elongation of this segment is a response to the former need 
rather than to the latter. 

Feet. — The feet of arboreal animals may be either prehensile, 
that is, grasping, with more or less opposable digits, or non- 
prehensile. In the non-prehensile type the claws may be well de- 
veloped as in the squirrels or the cats, giving a fairly tenacious hold. 
In the Canada tree-porcupine (Erethizon) the plantigrade feet 
are armed with long curved claws, in addition to which the soles 
bear spines and tubercles which aid in climbing. 

Adhesive pads either on the tips of the digits or on the soles of 
the feet occur in several isolated instances, such as the tree-frogs, 
geckoes, and Dendrohyrax among mammals. The frogs are aided 
by a sticky secretion of their pads. Tree-frogs, when hopping on 
to a vertical plane of clean glass, slide down a little, probably until 
the secretion stiffens, or dries into greater consistency. . . . Wet 
leaves or moist glass- walls afford no hold. The adhesion of these 
frogs is assisted in most cases by their soft and moist bellies, just 
as a dead frog will stick to a pane of glass'^ (Gadow). 

The geckoes, by means of their adhesive digits, climb up abso- 
lutely smooth and vertical surfaces, or, back downward, along a 
whitewashed ceiling. The apparatus, Gadow says, is complicated 
in its minute detail, but very simple in principle. The adhesioii is 
effected not by sticky matter, but by small and numerous vacua. 

Dendrohyrax, the tree-hyrax, is allied to the coney of Scripture. 
The tree-hyraxes frequent the trunk and larger branches of trees, 
sleeping in holes high up in the big trees, especially, according to 
Roosevelt^s observations, the cedars. The adhesive organs have 
been described by G. E. Dobson, who says that these animals are 
enabled to climb perpendicular walls and trees without the use of 
claws. The thickly padded tuberculated soles are drawn up by 
certain flexor muscles, thus leaving a partial vacuum by means of 
which the animal retains its hold. 

The primitive type of prehensile foot has been developed in the 



310 


ORGANIC EVOLUTION 


two great mammalian groups, that of the marsupial being repre- 
sented by the opossum (Marmosa^ Fig. 39, A), and that of the early 
placentals by the creodonts, the archaic flesh-eating mammals (see 
Chapter XXXII), the foot of which has been shown to be a terres- 
trial modiflcation of a grasping type. 

Feet of the prehensile type are found to-day in the marsu- 
pials and primates. In the former group it is the hallux (see Fig. 
39) or great toe which is offset so as to oppose the fourth digit, the 
second and third being bound together in a common integument 
(syndactyly, see page 249) and so slender that their combined 
strength about equals that of the outermost or fifth digit. In 
marsupials which have become terrestrial the offset great toe has 
become vestigial or may entirely have disappeared, as in the kan- 
garoos (see Fig. 39, B). In the primates, while the foot is perhaps 
most apt to show this opposable first digit, it also exists in the 
hand, although it is nowhere developed to the degree shown in 
mankind, wherein the final perfection of the hand as an organ of 
prehension has developed since its release from the necessity of 
arboreal locomotion. 

Syndactyly (Gr. crvv^ together, and b&KTv\os, digit) has al- 
ready been referred to as occurring in the marsupials, and even 
such as are no longer tree-inhabiting, like the kangaroo, still ex- 
hibit this feature in unreduced condition. It doubtless arose 
primarily, however, as an arboreal adaptation. The koala shows a 
rather remarkable modification for climbing, for the foot has a 
long, widely offset, clawless great toe, syndactylous second and 
third toes, which are clawed, and powerful clawed fourth and fifth 
toes, the former being the longer. The hand, on the contrary, 
has five subequal digits, all of which bear sharp claws; but two 
digits, numbers 1 and 2, oppose the other three. Its clinging 
powers are so great that even death will not dislodge the creature 
from the tree in which it is shot. 

Among reptiles, the true African chameleons {Chamxleon^ see 
Fig. 67) exhibit remarkable syndactyly, as it extends to both fore 
and hind feet. On the hand the first three fingers form the inner 
bundle and are opposed to the outer two which are likewise syn- 
dactylously bound. The foot is similar but reversed, in that the 
inner bundle contains two, the outer one three digits. These very 
admirable grasping organs are supplemented by a prehensile tail, 
so that the creature is very firmly anchored in position, which is 
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rendered necessary perhaps in part by its method of securing in- 
sect prey by the unerring aim of the enormously extensile tongue. 

In the so-called scansorial birds such as the parrots, woodpeckers, 
and the like, the outermost toe has been rotated backward in such 
a way that it and the hallux oppose the second and third toes, the 
fifth, as in all birds, being absent. This gives a very firm grasp 



Fig. 67.- Chameleon, showing syndactylous hands 
and feet, and prehensile tail. 2, head with partly pro- 
truded tongue; 3, head of horned chameleon, from above. 

for the actual grip of a branch as in the parrots or, reinforced 
by strong claws, enables the animal to cling to the roughened bark 
of a tree trunk. In the parrots, woodpeckers, and cuckoos the rota- 
tion of the outer toe is permanent and the foot is called zygodacty- 
lous (Gr. ^vyoPj yoke) ; certain others, owls, etc., may turn it back- 
ward or not at will (see Fig. 68). 

While arboreal forms usually have need of all of their digits, 
occasionally one sees digital reduction. The foot of the koala, with 
syndactylous second and third toes, functions as four-toed, even 
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though consisting structurally of five; certain of the primates 
(lemurs), on the other hand, some of which resemble the koala 
superficially very much, have actually lost the second digit so that 
the opposability of the first in grasping a limb is unimpeded. In 
the lemur (potto, etc.), the fourth digit is the largest as in the koala. 
Digital reduction is also seen in the tree-sloths, the two-toed sloth 
Choloepus (Figs. 65, 66) having but two in the hand and three in 
the foot, while in the three-toed sloth Brady pus there are three in 
each, and the hand and foot are both somewhat elongated, espe- 
cially in the powerful hook-like claws which, like 
the feet of the koala, retain their grip on the bough 
even after the animal has been shot. 

Tail. — The tail may be prehensile or not as in 
the case of the feet. If non-prehensile, there are 
ectodermal spines or scales on the under side, as 
in the flying squirrel Anomalurus, which prevent 
the animal from slipping down. The same effect 
is produced in the woodpecker by stiff spiny 
feathers which are braced against the tree trunk to 
which the creature clings. The posture is familiar, 
and enables the bird to drill into the wood for the 
grubs upon which it feeds, or to excavate cavities 
for its nest or for the storage of food. 

Prehensile tails are found in a number of unre- 
lated instances, as, for example, the chameleon 
lizards which have been mentioned, the opossums, 
the tamandua which is one of the anteaters, and 
certain of the New World monkeys (Cebidse) such as the spider 
monkey (see Fig. 245), the howlers, and the capuchins. Where 
the prehensile powers are well developed the tail is naked on the 
under surface near the tip. One of the most perfectly adapted of 
these forms is the spider monkey, Ateles, in which the tail is highly 
prehensile and functions as a fifth hand.^’ Perhaps as a correla- 
tion with this excellent grasping organ the real hands have lost the 
thumb, but the four long digits which remain form a splendid hook- 
like device for suspending the body. Not all South American mon- 
keys have a prehensile tail; on the other hand, none of the Old World 
forms do, so that its presence is diagnostic of a NewWorld ape. 

Other Accessory Organs. — Other accessory climbing organs 
might be mentioned, such as the parrot^s beak and the spines and 



of a woodpecker, 
Picus viridicanus, 
showing fourth 
toe reversed for 
grasping. (After 
Haacke, from 
Abel.) 
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tubercles which are sometimes developed on the fore arm in cer- 
tain lemurs {Hapalemur griseus male and upon the lower end of 
the ankle in Galago garnetti). In Lemur catta there is a patch of 
hardened skin on the fore arm which projects to a large extent 
and has been called a climbing organ, although it lacks the re- 
curved spines; both this and the spiny patches of Hapalemur and 
Galago have glands connected with them, the function of which 
is doubtful. 


REFERENCES 

Beddard, F. E., ^‘Mammalia,” Cambridge Natural History j Vol. X, 1902. 
Beebe, C. W., An Ornithological Reconnaissance of Northeastern Venezuela ” 
Zoologim, Vol. I, No. 3, 1909, pp. 67-114 (see page 108 for chart of arbo- 
real adaptive radiation among birds). 

Dublin, L. I., “Arboreal Adaptations,” Amerimn Naturalist^ Vol. XXXVII, 
1903, pp. 731-736. 

Gadow, H., “Amphibia and Reptiles,” Cambridge Natural History j Vol. VIII, 
1909. 



CHAPTER XXII 


VOLANT ADAPTATION 

Next to water as a moulding environment comes the air, for the 
creature which inhabits either is surrounded on all sides by a homo- 
geneous medium so that it becomes uniformly and beautifully 
modified to offer the least possible resistance to the attainment of 
speed.. Water-inhabiting forms, however, whether primarily or 
secondarily adapted, may become so thoroughly at home that in 
the latter group no evidence of their former habitat is outwardly 
visible. Aerial creatures, on the contrary, are never exclusively 
such and must return to the trees or earth or sea when they wish 
to rest. Hence their adaptation is always a double one and as a 
consequence cannot reach the extreme of speciahzation of water- 
borne types. 

Classification of Flight 

Passive or Gliding Flight. — Flight is of two sorts: passive 

or gliding flight, in which, with the exception of the fishes, the 
creature merely takes an initial leap from a high point and, held 
up by certain sustaining organs and impelled by gravity, glides to 
a lower level, sometimes covering a horizontal distance of many 
yards. Aside from the initial impetus there is no locomotive force 
other than gravity, so that the flight is comparable to a gliding 
airplane without engine power. 

True Flight. — True flight, on the contrary, implies power, so 
that there is sustained movement through the air, whether the 
flight be brief like that of a domestic hen or supported on the tire- 
less pinions of an albatross. True flight has evolved three times 
among vertebrates: in the reptilian pterodactyls, the birds, and 
the bats. Whether flying fishes should be included is a much dis- 
puted question. True flyers may move the wings with varying 
degrees of rapidity from the extreme speed of a humming-bird’s 
wing to the measured cadence of a winging crow. Many birds (and 
doubtless some of the ancient pterosaurs) also sail or soar on ap- 
parently motionless wings for hours at a time after having gained 
their altitude by a flapping rise. They are in reality gradually 
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descending in a great spiral, although by taking advantage of the 
shifting currents of air they may retain their elevation with little 
apparent expenditure of energy. 

An extreme adaptation of this last method is that seen in the 
albatross, whose majestic flight is thus described by Hutton: 
“With outstretched, motionless wings he sails over the surface of 
the sea, now rising high in the air, now with a bold sweep, and 
wings inclined at an angle with the horizon, descending until the 
tip of the lower one all but touches the crests of the waves as he 
skims over them. Suddenly he sees something floating on the 
water and prepares to alight; but how changed he now is from the 
noble bird but a moment before all grace and symmetry. He raises 
his wings, his head goes back, and his back goes in; down drop two 
enormous webbed feet straddled out to their full extent, and with 
a hoarse croak, between the cry of a raven and that of a sheep, 
he falls ‘ souse ^ into the water. Here he is at home again, breasting 
the waves like a cork. Presently he stretches out his neck, and 
with great exertion of his wings runs along the top of the water for 
seventy or eighty yards, until, at last, having got sufficient im- 
petus, he tucks up his legs and is once more fairly launched in 
the air.” 

The flight of the albatross seems to be sustained on motionless 
wings and yet it will follow the wake of a ship with all of the appar- 
ent ease with which a school of porpoises precedes her bow. In 
the latter, when viewed from above, there are no visible propelling 
movements except at long intervals when a few rather vigorous 
dorso-ventral undulations of the tail are seen which, however, do 
not seem to accelerate the creature^s speed appreciably. A closer 
view, especially if one be more nearly on a level with the water, 
shows the tail to be in rapid but minute vibration all the time, and 
this intense movement is sufficient to keep the creature ahead of a 
39-knot destroyer (the record) and even this does not seem to be 
the limit of its speed. The progress of the albatross is apparently 
analogous, for, as Moseley says, “I believe that albatrosses move 
their wings much oftener than is suspected. They often have 
the appearance of soaring for long periods after a ship without 
flapping their wings at all, but if they be very closely watched, 
very short but extremely quick motions of the wings may be de- 
tected. The appearance is rather as if the body of the bird dropped 
a very short distance and rose again, i The movements cannot be 
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seen at all unless the bird is exactly on a level with the eye. A very 
quick stroke, carried even through a very short arc, can of course 
supply a large store of fresh momentum.^^ 

Doubtless the albatross takes advantage of every shift in the 
breeze, which is made up of a complex of varying air currents, 
tilting this or that wing to gain whatever lifting power the air can 
give. That this jockeying^' of the air currents is a very great 
aid is attested by the fact that on a calm day the albatross cannot 
sail, but must flap heavily to sustain itself in flight. It is analo- 
gous to man’s flight in an engineless glider. 


Modifications 

Body contour in volant animals has been emphasized and is 
second only to that of the purely aquatic forms in its degree of 

perfection for the lessening 
of resistance. 

Sustaining Surface. — The 
sustaining surface is prim- 
itively, except in the fishes, 
a fold or series of folds of 
the skin known as the 'pata- 
gium (Lat. patagiuniy an 
edge or border). This may 
be supported in various 
ways, but with one excep- 
tion, in the little lizards 
{Draco spp.) which inhabit 
the Indo-Malayan region, 
the limbs form the chief 
supporting agents. In the 
^^flying dragons,’^ Draco 
(Fig. 69), just mentioned, 
the body is depressed and 
the sides extend outward 
into a pair of large, wing- 
like membranes, supported 
by five or six elongated ribs. 
The entire device can be folded like a fan against the sides of 
the body when not in use. The soaring powers are not very 
great but when resting among the luxuriant foliage of their habitat 



Fig. 69.- 


^ Flying dragon,” Draco volans. 
(After Lull.) 
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the animals are said to resemble butterflies in their habit of open- 
ing and closing the wings. 

Most soaring mammals have the patagium supported between 
the fore and hind limbs, and sometimes the skin-fold extends in 
front of the fore limb to the neck and again between the hind limbs 
and the tail. Perhaps the extreme of development may be seen in 
Galeopithecus (Fig. 70), the so-called flying lemur, for here the 
patagium extends from the sides of the neck to the tip of the 


tail, even including the 
digits, which are webbed 
as though for aquatic 
life (see page 331). 

Where the patagium 
is supported mainly by 
the elongated fore limbs 
and their digits, true 
flight ensues as in the 
pterosaurs, wherein the 
enormously elongated 
outer finger sustains 
over half the membrane, 
and in the bats, whose 
second, third, fourth, 
and fifth digits perform 
a like function, the 
first alone being free. 
In both groups the 
membrane extends from 
the arm to the sides of 
the body and also to 
the front of the hind 
limb. An interfemoral 



Fig. 70 . — Galeopithecus volans. (After Lull, 
modified from Wood.) 


membrane, which, however, may have existed, has not been 
demonstrated in the pterosaurs but is variably present in bats. 

Feathers are structures which are absolutely diagnostic of birds, 
since no other group of animals has developed them, and indeed 
their complexity is such that there is little likelihood of nature^s 
repeating herself in their evolution as she has done many times 
in that of simpler structures. Birds have traces of patagia in front 
of and behind the arm which may have had a very adequate sup- 



318 


ORGANIC EVOLUTION 


porting function before the feathers usurped their place; but in 
all known birds the main buoyancy is provided by the broad 
vanes of the remiges (supporting feathers) of the wing and the 
rectrices (steering feathers) of the tail which collectively form 
the most perfect device imaginable, except, perhaps, the insect’s 
wing. 

The feather (see Fig. 71) has been called ^^nature’s masterpiece,” 
and while simply a modified reptilian scale, has reached a com- 
plexity so great that its component parts may be counted by the 
hundreds of thousands. It is thus described by Evans: The feather 
consists of a quill or calamus and the rhachis or shaft. On the 
rhachis a double series of barbs are developed, carrying a similar 
double series of barbules, the barbules again giving rise to barbicels, 


A 


B 


Fig. 71. — Structure of a feather. A, small portion of feather, with pieces of 
two barbs, each having to the left three distal barbules, and to the right a 
number of proximal barbules, many of them belonging to adjacent barbs; B, 
booklet of distal barbule, interlocking with flange of proximal barbule. (After 
Py craft, from Parker and Haswell.) 

which in the distal rows usually terminate in booklets. These 
catch in the folded margins of the next proximal row, thus produc- 
ing a firm surface. Each flight feather, therefore, forms a mem- 
brane-like supporting device, the several feathers of the wings 
being collectively sufficient to maintain the bird in the air even 
when a few at a time are lost as during the moulting season. 

Wing. — The wing, as we have seen, has been three times evolved, 
twice with patagia and once with feathers. A comparison of the 
three types is of interest, beginning with the hat wing (see Fig. 
13,F), which is the latest in time and hence naturally the least 
modified. Here the humerus is well developed, the radius long and 
curved, and the ulna, from loss of general utility, vestigial as in 
cursorial types. The pollex or thumb is always free and clawed 
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for crawling and climbing. In the smaller bats, Microcheiroptera 
(Fig. 83, A), the second finger, although distinct, is not free from 
the third but is attached to it distally, the two combining to 
support the anterior margin of the wing. The fourth and fifth 
digits are well developed. In the Megacheiroptera (Fig. 83,B), or 
fruit bats, the second digit is independent of the third and bears 
a claw like the first. 

In the ptemdaciyl wing (see Fig. 13, D) the radius and ulna are 
more nearly equal, the former being somewhat smaller. The next 
segment consists of a very heavy fourth metacarpal, bearing the 
great wing-finger, and three extremely slender metacarpals sup^ 
porting the first, second, and third digits, which are small but free 
and clawed. There is also the bone known as the ^^pteroid^^ which 
lies in front of the fore arm and is directed inward toward the 
shoulder. It is supposed to have supported the anterior margin of 
a small prepatagium which lay in front of the arm from the wrist 
to the neck (see Fig. 79). The single wing-finger, presumably the 
fourth, is huge and formed the entire anterior support of the pata- 
gium beyond the wrist. One curious feature of the pterodactyl 
wing lies in the position of the principal joint, the wing being flexed 
between metacarpal and proximal phalanx, rather than at the 
wrist as in birds and bats. 

The b irdjj dng (see Fig. 13,E) is the most specialized of all, for 
here not only are the digits reduced to three, but these are more or 
less fused together so that, with rare exceptions, their sole function 
is that of flight. In all modern birds, therefore, there are three un- 
equally developed metacarpals which are firmly coossified. The 
digits are represented by one or rarely two thumb phalanges which 
support the so-called bastard quills, while the second digit, which 
is much the largest, bears two phalanges, and the third, one. Claws 
are sometimes borne on the first and second digits of modern birds, 
while Archxornis (Fig. 80, A), a reptilian bird of the Jurassic, had 
a claw on each of the three free fingers. The alar or wing expanse 
is provided by the feathers, since the patagium, as we have seen, 
is vestigial. These feathers, known as remiges, are borne upon the 
hand (primaries), and on the arm (secondaries). Overlying their 
basal portion are several rows of coverts, protective feathers known 
as major, median, minor, and marginal. The importance of the 
wing coverts lies in the factlhat they close the interstices between 
the quills of the flight feathers and give the wing a continuous area 
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to oppose the buoyancy of the air (see Fig. 72) . Birds have an 
advantage over both bat and pterodactyl in that lost or injured 
feathers are renewed, while serious injury to the patagium may 
impair its owner^s powers of flight for life. 



Fig. 72. — Wing of pheasant, showing the two “bastard quills” borne on 
the first digit, the ten primaries on the hand, and the sixteen secondaries on 
the fore arm. (After Heilmann.) 

Pneumatic Bones. — Hollow, air-filled bones are found in the 
birds and pterodactyls and in many ways they show a remarkable 
community of design. For instance, there is in the humerus of both 
pterodactyl and bird a foramen for communication between the 
respiratory organs and the cavity of the bone, but that is not so 
remarkable as the fact that in each instance the foramina corre- 
spond in position, form, and size, and that they are not one large 
hole, but in each case a reticulation of small perforations, one be- 
yond the other. So far as our knowledge goes, pneumaticity seems 
to have been universal among pterosaurs, but there are no degen- 
erate or flightless pterosaurs known. On the other hand, birds do 
not all possess it in equal degree for, as one would expect, it is 
absent from the Ratitse, nor is it developed equally in all birds with 
flight. Coupled with the pneumaticity in birds is a remarkable 
development of air sacs, principally in the abdomen, but in other 
portions of the body as well. These serve not only to lighten the 
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specific gravity of the bird, but also to aid in respiration, for the 
lungs of birds are inelastic and do not hang freely in the body cavity 
as they do in mammals, but, by means of the abdominal sacs, air 
is drawn 'them, not merely into them. Hence there is no 

unused portion of the lung containing residual air, as in mammals, 
and respiration is much more effectively accomplished. This is 
necessary, for with the rapid flight there is a high expenditure 
of energy, and the respiratory and nutritive organs and those of 
circulation need to be ample and efficient to meet the demand 
upon them. 

Sternum and Shoulder Girdle. — Not only is the sternum or 
breast-bone well developed in creatures with true flight, but it bears 
a median keel or carina for the origin of the pectoral muscles which 
wield the wings. To resist the contractile force of these muscles 
the shoulder girdle is made very rigid by the development of the 
clavicles and, in the birds, of the heavy pillar-like coracoids as well. 
Coracoids are lacking in the bats, and clavicles in the pterosaurs, 
but in birds both elements are present. In the pre-Cretaceous 
pterosaurs the scapula is saber-shaped and united to the coracoids 
at an angle of less than 90°, exactly as in carinate birds. The Cre- 
taceous pterodactyls differ, however, in that the scapulae, while 
articulating at right angles with the coracoids, are directed toward 
the vertebrae, uniting with their neural arches. In the great ptero- 
saur Pteranodo7i (Fig. 79) the scapula articulates with the coalesced 
spines of several coossified vertebrae which constitute the so-called 
notarium, the whole mechanism being comparable to the pelvic 
arch although on a much larger scale. 

In the flying (carinate) birds the scapula and coracoid are united 
by an articulation; in the flightless Ratitae, on the other hand, they 
are firmly coossified, and form an angle with one another greater 
than a right angle. In the Ratitae, as the name implies (Lat. ratis^ 
raft) the sternum is raft-like, and bears no keel. 

Brain and Sense Organs. — True flight implies a good brain and 
the perfection of certain sense organs which, as we have seen, are 
developed in direct ratio with the locomotive powers of any animal. 
The brains of bird and pterosaur are curiously alike in that each 
has broad, well developed hemispheres (cerebrum) which touch 
the cerebellum behind, and the optic lobes are much enlarged. 

Both birds and pterodactyls were well endowed with visual or- 
gans, the eyes in each case being large and having the so-called 
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sclerotic plates, structures which are rarely elsewhere present ex- 
cept in certain reptiles (dinosaurs, ichthyosaurs, mosasaurs, etc.). 
Their function may be to resist variable pressure and also to aid 
in the rapid focussing which is of vital necessity in bird and ptero- 
dactyl. The bats, while reputedly blind, often have very good 
vision, especially during twilight. They also have a most marvel- 
lously developed tactile sense, which does not seem to need actual 
contact for the discernment of approaching objects. The remark- 
able ears and facial appendages of certain bats are the principal 
seat of this sense and the patagia and interfemoral membrane are 
also highly sensitive. 

Flying Vertebrates 

Fishes. — There are enumerated several genera of flying fishes, 
each of which represents a separate volant adaptation. Of these 



Fig. 73. — Flying fish, Exocoetus sjnlopterus. (From British Museum Guide 

to Flight.) 

the first to be mentioned are the several species of the genus Exo- 
coetus (Fig. 73), allied to the skippers and garfish, which live in all 
tropical and subtropical seas where they fly in shoals in their ef- 
forts to escape the relentless tunny and albicore. “^These flying 
fishes are trim-built creatures with large pectoral fins, which are 
the main organs of flight, and variably developed but much smaller 
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pelvics. The lower lobe of the tail is invariably the longer and 
aids in giving the final impetus to the fish as it leaves the water 
and also in accelerating its speed if in the course of its flight it 
comes near enough to the surface of the sea.. The length of flight 
is said to vary up to 200 or 300 yards and it is sometimes sufficiently 
high to strand the creature on the deck of an ocean-going craft. 
Whether the flight of Exoccetus is true flight or merely a soar is a 
much disputed question and the evidence, briefly summarized, 
is as follows : 

The wing expanse is hardly sufficient for such extended soaring. 
The wings (pectoral fins) do vibrate, but whether due to muscular 
effort or to friction, as a flag is flapped in the wind, is not clear. 
The muscular development seems insufficient for true flight, but 
on the other hand it is more highly developed than in allied non- 
flying fishes. It may well be that while true flight as such does 
not exist among fishes, rapid wing vibration insufficient in itself 
to support or drive the animal may aid in maintaining or prolong- 
ing a soaring flight of which the main propulsive effort is acquired 
by the tail before leaving the water. At all events, their flight 
is remarkable and the creatures are one of the most interesting 
features of the storied tropical seas. 

The various species of Dactylopterus (Fig. 74) are known as the 
flying gurnets and while the flight is by no means as sustained as 
in ExoccetuSj of the former fishes Moseley writes : ‘ ‘ I have distinctly 
seen species of flying gurnets move their wings rapidly during their 
flight . . . especially in the case of a small species of Dactylopterus 
with beautifully colored wings, which inhabits the Sargasso Sea.” 
Moseley likens the flight of the gurnets to that of grasshoppers. 

There is an African flying fish found in the Congo and Niger 
rivers — Pantodon, a form but three or four inches long — which 
leaps out of water and flutters through the air for some distance. 
Still another flying type is Gastropelecus, a small, compressed fish 
with long and curved but not particularly large pectoral fins, which 
occurs in the rivers of British Guiana. It skims along the surface 
of the water for 40 feet or more, beating the water with its pectoral 
fins. Then it leaves the water for a distance of five to ten feet and 
when exhausted falls sideways into the water again (Eigenmann). 
Pegasus voUtans, a little fish found along the coasts of Japan, 
China, India, and Australia, skims a short distance above the 
surface of the water by means of its broad pectoral fins. 
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Fig. 74. — Flying i 



®1G. 75.-~Fossil fl^ 
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Fig. 76. — Flying frog, Rhacophorm 
reinhardtii (After Dumcril and Bib- 
ron, from Lull.) 


Several extinct forms have been described as “flying fishes.” 
These s^re: Dollopterus from the Middle Trias (Upper Muschelkalk) 
of Jena, Thoracopterus and Gigantopterus from the Upper Trias of 
Austria, Exoccetoides and Chirothrix (Fig. 75) of the Upper Cre- 
taceous of Mt. Lebanon, Syria. The last mentioned is of particu- 
lar interest on account of the huge size of the pectoral fins, which 
seem to imply powers of flight 
fully equal to those of the living 
Exocoetus and Dactylopterus. We 
have therefore among fishes no 
fewer than ten separate adapta- 
tions to aerial conditions, one or 
two, possibly three of which ap- 
proach very near to, if they have 
not attained, true flight. 

Amphibia. — The only volant 
adaptation among amphibia is 
that of the tree-frog, Rhacophorus 
(Fig. 76), whose webbed feet 
sustain it in the prolonged leaps to which it is addicted. This 
genus includes a large number of species in the Oriental realm, 
especially in Borneo. The digits terminate in adhesive pads, in 
(common with those of other tree-frogs, and are connected by web- 
like expansions of the skin. There are also rudiments of patagia in 
front of and behind the arms. In Rhacophorus pardalis the total alar 

expanse is about three 
square inches, which 
would imply rather 
feeble gliding powers. 

Reptilia. — L i z a r d s 
include at least two gen- 
era and several species 
of gliding forms, of 
which the most re- 
markable is the flying 
dragon, Draco, already 
referred to (page 316, 
Fig. 69), in which the patagium is supported by a number of ex- 
tended ribs. They occur principally in the Malay Peninsula and 
Archipelago and average some eight to ten inches in length. 



Fig. 77. — Lizard, Ptychozoon homalocephalum. 
(After Dumdril and Bibron, from Lull.) 
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Ptychozoon (Fig. 77) is the flying or fringed gecko of the Malay 
countries, which is bedecked with lateral expansions of skin along 
the sides of the neck, body, tail, and limbs, and between the toes. 
While these may aid in breaking the creature^s fall, they may also, 
coupled with the color, serve a cryptic function and render the 
animal less conspicuous against the bark of the tree upon which 
it rests. 

Several so-called flying snakes are recorded, such as Chrysopelea^ 
the flying snake of Borneo, which descends obliquely through the 
air, its body rigid, and the ventral side concave to sustain the crea- 
ture in its fall. 

The pterodactyls or flying dragons of the Mesozoic were a very 
remarkable group of reptiles whose first recorded appearance 



!:< iG. 78. — Pterodactyl, Rhamphorhynchus phyllurus, (After Lull.) At 
lower right, vertical rudder-like expansion at end of tail. 


is in rocks of the Rhaetic or uppermost Triassic period. They 
range through the Jurassic and on into the Upper Cretaceous, when 
they become extinct through racial death. They were undoubtedly 
akin to the birds, but that simply means, in all probability, deriva- 
tion from a common, possibly Permian ancestry; nevertheless the 
two groups show a number of highly comparable, homoplastic 
characters, some of which have already been referred to. The re- 
markable thing is that, lik^the turtles, they first appear fully 
developed and characteristic of their order, with no record thus far 
discovered of their antecedent evolution, and the subsequent 
changes are mainly increase in size, perfection of the shoulder gMle 
articulation (see page 321) and loss of tail and of teeth. In size 
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they range from that of a sparrow to the mightiest of nature^s 
airplanes, for the replica of the late Cretaceous Pteranodon (see 
Fig. 79) mounted at Yale measures 13 feet 6 inches in alar expanse 
and Eaton is authority for the statement that at least one indi- 
vidual, judging from the relative proportions of the bones which 
have been preserved, had an estimated breadth of 26 feet 9 inches 
from tip to tip. The pterodactyls possessed true flight, which 
in those from the Kansas chalk must have been sustained, as their 
remains are found in association with marine reptiles, fishes, and 
invertebrates, apparently far from the ancient shore. Three of 
the principal horizons whence these pterodactyls come, the Lias 
of Lyme Regis of England, the lithographic limestone (Upper 
Jurassic) of Bavaria, and the Kansas chalk, are all marine in 
origin, which is also true of the source of the Mesozoic birds. It 



Fig. 79. — Pterodactyl, Pteranodon longiceps. (After Lull.) 


is highly probable therefore that in each instance we have not as 
yet knowledge of the great bulk of the group, but only of a few of 
aberrant habits and adaptation. 

Birds. — The birds in all probability include but a single evolu- 
tion to aerial life, although certain excellent authorities ^‘believe 
more oTIess firmly that possibly birds had not one, but two points 
of origin, and feel that if we could follow back their lines of descent 
we should find that the ostriches came from one and the birds of 
flight from another’^ (Lucas). If this be true- the ratite or ostrich 
group as a whole, with a single exception (tinamou), have degener- 
ated and lost the power of flight, although an examination of the 
skull and skeleton shows them to have been descended from flying 
normal birds; whereas in the carinate or flying birds loss of flight, 
while it has occurred (flightless rail, penguin, dodo, etc.), is rel- 
atively extremely rare. Flightless pterosaurs and bats, on the other 
hand, are inconceivable, as their flight mechanism involves the 
hind limbs which have, as a consequence, largely lost their ter- 
restrial locomotion function; whereas birds, being double adapted. 
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can lose their flying powers and still progress easily on the gronnd 
or in the water, as their legs are not thus involved. 

Birds first appear in time in the Upper Jurassic (Solenhofen 
limestone) long after the initial record of the pterodactyls. These 
first birds, of which but two or three specimens have been re- 
covered, are known as Archxopteryx and Archxornis (see Fig. 80 



Fig. 80 . — Reptilian bird, Archxopteryx (A), compared with pigeon, Columba^ 
livia (B). (After Lull.) 

and PI. XIV) and are so reptile-like that were it not for the pre- 
served feathers it is doubtful whether they could be surely proved 
to have been birds. The reptilian traits are teeth, free clawed fin- 
gers in the hand, feeble breast-bone, abdominal ribs, etc. For a 
discussion of the origin of birds, see Chapter XXXI. 

The perfection of aerial adaptation among birds is superlative, 
as records will show compared with those attained by the man- 
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evolved airplane. With regard to speed, the record is held by a 
hofise-swallow {Chelidon urhica) which flew from Ghent to Ant- 
werp, a distance of 32 miles, in 122- minutes, an average speed of 
153 miles an hour. Some bird speeds as compared with those of 
airplanes are given as follows, the figures being in miles per hour: 
white storks at 4200 feet altitude, 48; mallard, 50; rook, 45; gannet, 
48; geese, 55; lapwing, 40 to 45; golden plover pursued, 60. Swifts 
{Apus apus) at 6000 feet above Mosul easily passed and circled 
an airplane doing 68 miles, and a lamrnergeier made 110 while nose- 
diving to escape a plane. For distance, the record is held by an 
albatross in the Brown University Museum, which flew 3150 miles 
in 12 days — probably more, as it rarely flies in a straight line. The 
weight of this bird was 18 pounds, wing spread 11 feet 6 inches, 
area 7 square feet. As regards height, the great vulture rises from 
7000 to 15,000 feet and Humboldt, a very accurate observer, saw 
a condor hovering above Mt. Chimborazo, whose summit soars 
20,498 feet into the blue. 

Mammals. — Among the mammals there are upward of thirteen 
separate volant adaptations, one of which, that of the bats, at- 
tained the power of true flight. Among the flying forms the first 
to be mentioned are the marsupials^ of which the flying phalangers 
include several unrelated species: Petaurus spp., Petaur aides volaris, 
and A cr abates pygmxus. These are characterized alike by having 
a well developed skin fold along the sides of the body between fore 
and hind limbs, and a feebly developed one in front of the fore leg. 
In each genus the flying form is especially related to a separate type 
of non-flying phalanger. 

In Petaur aides the flying membrane extends from wrist to ankle, 
but is very narrow along the distal segment of each limb. The tail 
is very bushy except for its prehensile tip, which is naked on the 
under side. The tail, together with the long fur of the body, must 
supplement to a considerable extent the buoyancy of the pata- 
gium. This genus, with its single species, includes the so-called 
Taguan flying phalanger found in Australia from Queensland to 
Victoria. 

Petaurus (see Fig. 81) has a much broader patagium and there 
is a naked prepatagium as well. The tail is very large and bushy, 
but lacks the naked prehensile tip of the preceding form. There are 
three species of this genus, ranging over New Guinea and part of 
Australia. 
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The genus Acr abates includes two small species of flying phalan- 
gers which have narrow patagia extending from the elbow to the 
knee along the flank. The long fringing hairs borne by the pata- 
gium, together with those on either side of the tail, aid materially 
in flight. Acrobates pygmseus is found in New South Wales, Queens- 
land, and Victoria, while a second 
species, A. pulchellus, is a native of 
Papua. 

Two families of rodents contain 
flying forms: the Anomaluridae, in- 
cluding the genus AnomaluruSj and 
the Sciuridae, of which three genera, 
PteromySj Sduropterus, and Eupe- 
tauruSy are volant. Anomalurus has 
a well developed patagium extend- 
ing from wrist to ankle but narrow- 
ing in front of the leg from the 
knee down. As a compensation, how- 
ever, there is an interfemoral mem- 
brane from the heel to slightly be- 
yond the base of the tail. The genus 
includes six flying species, all found 
in Africa. 

Pteromys has a highly developed 
patagium extending as far as the 
digits. There are also prepatagia and 
an interfemoral membrane, and the 
tail is large. The genus is found in 
the wooded districts of tropical 
southeastern Asia, Japan, and some 
of the Malasian Islands, and is said to soar through a distance 
of nearly 80 yards. 

Sduropterus (Fig. 82) has no interfemoral membrane, but has a 
much better developed tail than Pteromys as a compensation. This 
wide hairy tail is further supplemented by the hairy fringe on the 
patagium and along the rear of the thighs, and they give collectively 
a broad supporting area. While members of this genus are smaller 
than those of Pteromysj their geographical range is much greater, 
as it includes the northern part of the North American and Eura- 
sian continents, and India. 



Fig. 81 . — Flying phalanger 
(marsupial), Petaurus sciureus, 
(After Lull.) 
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Eupetaurus is of especial interest in that it is not arboreal but 
rock- and precipice-climbing. It inhabits the high elevations of 
northwestern Kashmir. 

Among the Insectivoray Galeopithecus (Fig. 70), the sole rep- 
resentative of the suborder Dermoptera, stands alone in its adapta- 



Fig. 82 . — Flying squirrel, Sciuropterus volucella. (After Lull.) 

tion, for it exhibits the highest degree of aviation of any of the 
Mammalia except the bats, and while not of course ancestral to 
the latter, it is evidently derived from a common stock and gives 
a very clear idea of the manner in which the evolution of the bats 
was accomplished. In this genus the patagium reaches its highest 
development, as it extends from the rear of the head along th6 
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front of the arm (prepatagium), between the fingers to the base ol 
the claws, between the fore and hind limb, webbing the toes as well 
as the fingers, and between the hind limbs and the tail (interfemorai 
membrane), including the entire length of the latter organ as in 
the insectivorous bats (Microcheiroptera)! The musculature and 
innervation of the patagium resemble those of the bats and differ 
decidedly from those of all other volant mammals. The hand is 
much larger than the foot, but the fingers show no trace of elonga- 
tion. If they did the entire creature would be still more bat-like. 
As it is, the brain is midway in its development between that of a 
typical insectivore and that of a bat, and the alimentary canal is 
also bat-like except for an elongated colon or large intestine, which 
in the bats and birds is very short. 

Galeopithecus is nocturnal, as are most volant mammals, resting 
suspended, head down, from a branch. Its soaring powers are very 



Fig. 83. — Bats. A, insectivorous, Vespertilio noctula; B, frugivorous, Pter- 
opus sp. (After Lull.) 

great, for Wallace tells us of a record of 70 yards with a descent of 
not more than 35 or 40 feet, or less than one in five. The genus 
includes two species: Galeopithecus volans, from the Malay Penin- 
sula, Sumatra, and Borneo, and (?. philippinensiSf which inhabits 
the Philippine Islands. 
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The modifications which the bats have undergone to fit them for 
their aerial life have already been discussed. 

Among primatesy but one genus, Propithecus of the Lemuridae, 
exhibits volant adaptation and even here it is not very marked, for 
the powers of flight are quite limited. Lydekker gives 10 yards 
as the length of the leap, attributing the soaring to the powerful 
hind limbs, without even mentioning the existence of a patagium. 
Beddard, on the other hand, speaks of the ^^parachute-like fold of 
skin between the arms and the body, which suggests a commence- 
ment of the more complete parachute of flying foxes, etc.^^ Pro- 
pithecus includes three species, all from the island of Madagascar, 
and they are diurnal rather than nocturnal as is usual with volant 
mammals, although they are more active in the morning and eve- 
ning than at other times. 

Summary 

A summary of volant adaptation follows: 

1. Volant evolution has occurred upward of thirty times among 
vertebrates, of which, however, but three are surely adapted to 
true flight, one or two are questionable and may have a combina- 
tion of true flight and soaring, while the remainder are merely 
fitted to take long, sustained leaps. 

2. Gliding usually implies the development of a fold of skin 
along the creature’s flanks, supported in one instance by the exten- 
sion of the ribs beyond the body-wall, but generally stretched 
between the fore and hind limbs. This fold is often supplemented 
by others in front of the fore limbs and between the hind limbs, 
sometimes involving the tail. 

3. True flight always implies a more or less profound modifica- 
tion of the fore limbs, which become, as a consequence, unsuited 
to ordinary progression. True flight seems to be confined to the 
strictly air-breathing vertebrates wherein it has been developed 
thrice, but once in each class. 

4. With the exception of the fishes, gliding implies also present 
or ancestral arboreal adaptation, and this may apply as well to 
true fliers. It is certainly true of the bats, probably true of the 
birds, but of the pterodactyls one cannot speak with assurance. 

5. Besides the primary modifications which constitute the ma- 
chinery of flight, other portions of the body, especially the nervous 
system and the sense and nutritive organs, may exhibit secondary 
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volant characters. These, as with the primary modifications, are 
in direct proportion to the powers of flight. 
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CHAPTER XXIII 


CAVE AND DEEP-SEA LIFE 


Cave Life 

^rigin of Caves. — Those caves which are available as animal 
habitats are invariably the abandoned channels of underground 
rivers which prevail in limestone regions. This limestone is soluble 
in water so that instead of being confined to the surface of the earth 
the waters sink under ground, enlarging the crevices through which 
they descend until the level of ground- water is reached, when the 
movement becomes lateral and subterranean channelsjof consider- 
able magnitude (are formed. If the level of ground-water becomes 
depressed, the waters then tend to flow at lower levels and the proc- 
ess may be repeated, the older channels being abandoned except 
perhaps in time of floo^just as the ancient surface courses were. 
This abandonment may be due to a gradual lowering by erosion 
of the river valleys which serve as outlets for the region, but is more 
generally due to a gradual uplift of the land to a new level, for 
manifestly where the ultimate outlet of the river system is the 
ocean, the subterranean streams cannot descend below sea-level. 

(Subsequent subaerial agencies — rain and wind and frost — denude 
the surface, laying bare portions of the caverns so as to afford in- 
gress for the cave-dwelling plants and animals, and subterranean 
life begin^ Still further surface erosion brings more and more of 
the cavern to light until it may ultimately be destroyed. The far- 
famed natural bridge of Virginia is a relic of what was once the 
roof of an extensive cave or series of caves. 

(jhese caverns form discontinuous units of environment, as 
there may be no means of communication from one to another. 
The creatures within them, therefore, if no longer suited to epigean 
(Gr. €7rt, on, and 717, earth) life, are virtually confined and must 
in extreme cases be the product of a very local evolution. In cer- 
tain of the larger cavern regions the individual caves do communi- 
cate) or at any rate are part of the same subterranean drainage 
system. Hence the aquatic types which they contain may inter- 
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mingle within the limits of the system, but they may be neverthe- 
less confined entirely within such limits. 

(Distribution of Caves. — In North America there is a large cave 
area extending through parts of Indiana, Kentucky, Tennessee, 
and Missouri, embracing the so-called Mammoth Cave region^; 
Mammoth Cave itself is ten miles in length and its tortuous chan- 
nels cover a distance three times as great. In Edmonson County, 
Kentucky, alone, there are said to be at least four thousand sink- 
holes or pipes through which surface waters pass under ground, and 
five hundred known caves. Wyandotte Cave in Indiana, Luray 
Cavern in Virginia, and the Carlsbad Caverns are noted. 



Fig. 84. — Diagram showing the formation of caverns in limestones. AA, 
clay bed: BB, limestones. The arch is the remnant of a former cave, forming 
a natural bridge. DD, sink holes leading to domes below. (From Pirsson's 
Physical Geology ^ modified from Shaler.) 

As one would naturally infer, the region north of the Ohio River 
constitutes a separate system or bionomic unit from that to the 
south. 

In Cuba there are extensive caves in communication with the 
sea, and in Europe there are others, notably in Carniola and other 
portions of Austria and Illyria and in the Basses Pyrenees in France 
and Spain. The last, together with those of the Dordogne region 
in western France and the Cantabrian Mountains in Spain, are of 
great human interest in that they formed the abode of man in late 
Paleolithic time, and contain on their walls the remarkable art of 
the Stone Age. 

Few caverns exist in the glaciated regions of Europe or North 
America, almost all of them lying south of the great terminal mo- 
raine. 

Geological Age of Caverns. — The older caves like the Poit Ken- 
nedy Cave, Schuylkill River, Pennsylvania, antedate the last 
glacial invasion and contain the remains of a Pleistocene fauna such 
as the tapir, peccary, and the ground sloths Megalonyx and 
Mylodon, in all about forty species, of which all but twelve are 
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now extinct. These remains were swept into the cave by floods 
and not drawn into it by animals as in the case of many European 
caves (Osborn). The forms represented are thus all epigean and do 
not represent a cave fauna such as we are to discuss. 

The caverns in which living creatures are now found are all Pleis- 
tocene and although certain older caves may have been reexcavated 
the fauna is probably not older than the Glacial period. The cave 
fauna as such is therefore, geologically speaking, of relatively recent 
date, which accounts for the fact, to be emphasized later, that the 
adaptive changes which the creatures have undergone are almost 
all the result of degenerative specialization, no new structures 
having arisen owing to the brevity of time. 

Nature of the Environment 

Two physical characteristics stand out most strikingly: absence 
of light, and nearly uniform temperature, the first especially being 
of decided and far-reaching effect upon cave-dwelling forms. In 
connection with these features the caves may be divided into three 
regions, as follows: 

Cave Regions. — 1. Twilight (dysphotic) or transitional region. 
This lies just within the mouth of the cave and is bounded by the 
distance to which light penetrates from without. Conditions vary 
therefore from those of the outer world to those of the real cave. 

2. Region of fluctuating temperatures^ wherein may be felt the di- 
urnal or seasonal variations of heat and col^ 

{3. Inner cave region, where light is absent and where the tempera- 
ture remains comparatively constant regardless of the varying 
epigean conditions^ For example, the Shawnee Cave at Mitchell, 
Indiana, where the extreme of thermometric variation the year 
round is only 2.2° Centigrade (about 4° Fahrenheit). (This cave is 
open at both ends and the air flows through it freely) 

These regions vary greatly in different caves. Some Cuban 
caves are entirely of twilight character, due very largely to their 
being sea caverns, the water at their mouth diffusing the light and 
thus causing it to penetrate much more deeply into the recesses 
than it otherwise would. These caves usually contain an abundant 
fauna, consisting largely of regular or accidental visitors from with- 
out. In certain ice caves which conserve the winter temperatures, 
that is, such as can be entered by the prevailing winter winds 
but not by those of summer, the entire portion beyond the twilight- 



338 


ORGANIC EVOLUTION 


area may belong to the second section, while in tropical caves the 
second section may not exist at all. 

(Moisture. — The degree of moisture in the cave conditions, while 
practically uniform in some parts of a cave, may fluctuate more 
than any other element in other portion^ The great increase is 
of course found in the streams and pools, especially after a rain, 
for then the River Styx of Mammoth Cave may rise 60 feet above 
the low-water level, while in Shawnee Cave certain portions are 
filled to the ceiling. The water fluctuates, therefore, in amount, 
clearness, and swiftness with outside meteoric conditions. On the 
other hand, in the upper parts of Mammoth and Wyandotte caves 
the dust may lie undisturbed for years, for in the former there are 
still shown the tracks of oxen made in 1860, while in the latter are 
to be seen impressions of the moccasined feet of Indians. 

(barometric Pressure. — Barometric pressure varies as without 
and there is also variation in the air as well as in the water currents. 
The air currents are caused by (1) flow of water, (2) epigean 
breezes, (3) changes in atmospheric pressure, and (4) differences 
in temperature. 

On the whole the biological environment is comparatively simple 
and the adaptations are largely a response to lack of light, scarcity 
of food, and uniform conditions.) 

Flora 

The absence of light and the dryness are inimical to plants, es- 
pecially to green plants, which, as we have seen, form the ultimate 
food supply of all animal creation. Hence the source of food of 
cave creatures is a very important problem. The plants which 
do exist are such as dwell in darkness and there have been recorded 
the following: 

Mammoth Cave: 

1. Common fungus, identified as Ozonium auricomum Link {-Byssm 

aurantiaca) , which is also found upon wood in caves of Great Brit- 
ain, Germany, Michigan, and elsewhere. 

2. Reddish, button-shaped fungus. 

3. Green mold. 

4. Long white mold. 

5. Fungus growing on the body of a cave cricket (Hadenoecus svb^ 

terraneus). 

6. Agaricus sp., forming when observed in 1881 a natural bed of mush- 

rooms. 
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Weyer’s Cave: 

1. Peziza sp. 

2. A colorless Agaric. 

Liiray Cavern: 

Two species of fungi described by Plovey: 

1. Long white mold hanging in festoons. 

2. Mucor dalactitisj a supposed new species. 

Bacteria seem to be absent if one may judge from the following 
evidence (Hubbard): 

‘‘Washington's Hall [Mammoth Cave] is a chamber of the 
largest size, and for many years the lunching place of tourists. . . . 

‘ The larger masses of gypsum afford convenient seats and tables for 
picnickers, and arc strewn about with chicken bones and bits of 
food. The accumulation of such rejectamenta is very great, to 
be reckoned perhaps by the cartload; yet, notwithstanding the 
presence of so much offal, kept perpetually moist by contact with 
the gypsum sand, not the slightest taint is perceptible in the air of 
the chamber ; only at close quarters the recently deposited morsels 
give off a peculiarly rancid odor. As before, in the Rotunda, I was 
struck with the conviction that decay in the cave is an exceedingly 
slow process, accomplished mainly through the agency of a few 
fungi. . . . But if bacteria are absent, other scavengers in abun- 
dance attack this food material. I found it swarming with the 
larvae of A delops and the maggots of a small fly (Phora). The 
images of the beetle and puparia of the fly were also present in 
countless numbers.’ ” 

On the other hand, the decay of mine timbers is generally rapid, 
dependent upon warmth and moisture. This may be far from the 
entrance. Here, however, the bacteria may be brought in with 
the timber or by the constant passing in and out of the miners, or 
they may be blown in with the enforced ventilation. The condi- 
tions are hardly the same as in a natural cave. 

Fauna 

("Temporary Fauna. — The temporary visitants to the cave^eed 
hardly be discussed as they Exhibit little or no special adaptation 
to cavern life. The bats come the nearest among the temporary 
forms, and their adaptation, which is truly marvellous, is largely a 
nocturnal response which serves incidentally for cave-dwelling. 
The brown bats {Myotis lucifugus) of the Wyandotte Cave are 
described (Brooklyn Museum News, February, 1913) as returning 
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daily to the cave for shelte^ The3’ cling in masses or small groups 
or singly to the vertical walls, the ceiling or any dry parts of the 
various caverns, some relatively near the entrance, others far 
within the caves at distances and through galleries puzzling enough 
to man even when supplied with brilliant lights. It is still a great 
problem to know what the special sense is, or what may be its 
degree of reflex or possibly conscious reaction on the bats them- 
selves, by which they conduct their flight through such galleries 
and among such numerous stalactites and stalagmites. Some- 
times the masses of bats are so extensive that with a stick one may 
scrape from the wall a quantity sufficient at one sweep to fill a 
bushel basket. 


‘^Marvel how the bat discerns 
Some pitch-black cavern’s fifty turns. 

Led by a finer tact, a gift 

He boasts, which other birds must shift 
Without, and grope as best they can.” 

Bhowning 

permanent Fauna. — Only one mammal aside from the bats 
has been recorded, and that is the white-footed mouse {Peromys- 
cus leucopus)f which seems to be in a sort of transition between an 
epigean and true cave-dwelling forn^ This creature is characteris- 
tic of temperate woodlands. Where there are no rocks, (these mice 
burrow and form extensive underground galleries ;) they even per- 
sist where the woods have long been cut away in open fields and 
meadows. In rocky woodlands they seek crevices among the rocks. 
When they collect in the caves, such as the Wyandotte, there is 
no evidence of their burrowing or of using any choice in the selec- 
tion of nesting places other than in breaks or against overhanging 
walls. They were taken 200 yards from the entrance of the cave 
in totally dark galleries. (These mice are not blind as yet, but have 
bulging eyes and long tactile whiskers and ears, all of which may 
be looked upon as partial adaptations to darknes^ whether cave 
or not. 

(No birds are permanent cave-dwelling forms, as there are no 
blind birds. Some nocturnal birds such as owls use the caverns 
for daily r^ge^and there dwells in the mountainous regions of 
northern South America and the island of Trinidad the ^^oil-bird,^^ 
Steatornis caripensis, related to the owls and goat-suckers, which 
nests exclusively in caves. This creature was made known to 
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science more than a century ago by Alexander von Humboldt, but 
was re-described by Roosevelt, and figured quite extensively in 
the daily press as the Colonehs ^‘bewhiskered devil-bird/^ 

reptiles are x)ermanent or even temporary cave dweller^ 
Eigenmann found one turtle a little way in, probably an accidental 
ingress, and a copperhead snake at the mouth of a cave. There are 
many blind burroivmg lizards and snakes, but, as we shall see, the 
cave fauna has not been recruited from fossorial types, the only 
apparent, exception being the mouse mentioned above. 

As for(the Amphihiaj there are no blind frogs or toads, hence no 
cave-dwelling ones are included in the permanent fauna^for jump- 
ing in the dark is directly at variance with the ancient proverb 
which advises observation in advance of saltation as the only safe- 
guard. Blind crickets inhabit caves, it is true, but they are armored 
creatures whose light weight and general organization render con- 
cussion of the brain a very remote possibility. 

(Of cave salamanders, )on the other hand, ^here are several in 
North America, some with normal eyes in the twilight zone and 
others with degenerate eyes, adapted to cave life^as there are no 
blind epigean salamanders. The normal-eyed forms belong to the 
genus Spelerpes (Fig. 85) of which S. maculicauda is red and black 
while S, stejnegeri is yellow and brown. The former is found from 

Fig. 85.^ — Epigean salamander, Spelerpes longicauda, with eyes and color. 

(After Eigenmann.) 

Indiana through Kentucky to Missouri, the latter southwest of 
Missouri. Neither has progressed appreciably in the direction of 
cave degeneracy. This is not true, however, of the remaining two 
salamanders, for Typhlotriton spelxus, which is light brown and 
lives in southwestern Missouri, has normal eyes in its larval state, 
with marked degeneracy of these organs upon becoming adult. 
The eyelids fuse and the rods and cones of the retina all dis- 
appear. 

(Typhlomolge rathbuni (Fig. 86) is a perennibranch salamander,) 
that is, one^ith permanent gills, and has extremely degenerate 
eyes which have no muscles and are covered with skin and therefore 
functionless^ Typhlomolge is bereft of color and has very long, 
slender limbs. It gives an impression of extreme emaciation. This 
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salamander inhabits the subterranean rivers of Texas, all the speci- 
mens thus far known having come from the water of an artesian 
well 188 feet deep, near San Marcos (Gadow). 

{Proteus)anguinus (Fig. 87) is a peculiar form restricted to the 
underground waters of Carniola, Carinthia, and Dalmatia in 
Europe. Near Trieste are the huge caverns of Adelsberg which 
are especially noted for the occurrence of the “Olm,’^ as the Ger- 



Fig. 86. — Degenerate cave salamander, Typhlomolge rathhuni, without eyes 
or color. (After Eigenmann.) 


mans call it. Here it ^wells in absolute darknessj in an almost 
constant temperature of 50^ Fahrenheit. Their total length is 
scarcely one foot, (^he whole body is white, )occasionally suffused 
^ith a slight fleshy, rosy tinge, while the three pairs of gill-bunches 
are carrnine-redj) They are easily kept in captivity, and live for 
many years, provided three conditions are strictly adhered to, viz., 
fresh and clean water, an equable low temperature of about 
50° F.° = 10° C., and darkness. The question of food is not so very 
mportant, since specimens are known to have existed for years, 
although they refused to take any nourishment. How far darkness 
is an absolute necessity is not known. Anyhow, the white skin is 
almost as susceptible to light as is a photographic plate. If light 



Fig. 87. — Blind Proteus anguinus, from the underground waters of Carinthi*, ' 
Carniola, and Dalmatia. (After Gadow.) 

is not absolutely excluded the white skin becomes in time cloudy, 
with grey patches, and if kept exposed to stronger light, the whole 
animal turns ultimately jet black (Gadow). 

While totally blind, these creatures are nevertheless annoyed by 
the approach of a candle flame, showing that the body is sensitive 
to light. (They are guided to their prey mainly by the vibrations 
which its movements give rise to, possibly also by the sense of smell. 
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The fishes include the largest number of cave-dwellers^'|'he 
cave catfish Jthe species known as Gronias nigrilahris, (js a partially 
blind form) found in the caves about Conestoga Creek, in Lancaster 
County, Pennsylvania, and is evidently derived from local epigean 
species. (The eyes of many catfishes are not highly developed and 
are of little use in detecting food, so that their further reduction 
as an adaptation to cave life is not remarkable^ 

(fhe great majority of North American cave fishes belong to the 
family Amblyopsidse,J and all of the species, whether cryptozoic 
(Gr. KpvTTTds^ hidden, and ^corjy life) or epigean, (show signs of 
degeneracy ,J eight having degenerate eyes, five mere vestiges, six 
dwelling permanently in caves, one in a spring, the others in open 




Fig. 88. — A, Cave fish, Amhlyopsis speUeus^ eyeless; B, head of Chologaster 
papiUiferus, possessing eyes but blind. Special tactile organs highly developed 
in both forms. (After Eigenmann.) 

streams, (^his family contains several genera, oi'^hielLchologaster^ 
cornutuSy the Dismal Swamp fish, represents the epigean ancestral 
type. In this^sh the eyes, though small, are normally developed 
and the colors are also preserved^J(Pther species of Chologaster 
(Fig. 88,B) possessing eyes and color, but also provided with the 
tactile papillse which are so highly developed in true cave forms^ 
are found in cave springs in Tennessee and southern Illinois. The 
small cave fish Typhlichthys subterraneuSj from the Mammoth Cave, 
is supposed to be a direct descendant of Chologaster. Here the eyes 
are present in the young but become defective and useless in the 
adult, and are partly overgrown with other tissues. (/Imbiyopsisj 
spelseus (Fig 88, A) of Mammoth Cave is one of the most interest- 
ing of cavern fishes. Eigenmann describes the senses of this creature 
at some length. The animal(is totally blind, but has\what he calls 
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'terminal buds/^ interpreted in part as gustatory (taste) organs, 
scattered over the entire head, especially on the lips and snou^ 
Experiments indicate that if they are present on other parts of^e 
body they are few in number. While these fishes are no doubt^able 
to tasteyvby means of the bud^on the lips and snout, practically 
all of the food is found by means of the tactile sense. The young 
up to 40 mm. in length do not have terminal buds developed, and 
so their food is located entirely by touch, for the sense of smell 
plays but a minor part, if any. 

(riie tactile sense enables the fish to detect vibrations in the 
wateijoriginating at least 18 inches away, and it turns and swims 
toward the point of agitation with unerring accura cy. Agitations 
behind the animal are not so quickly detected as those in front or on 
either side, ^s the fish lives in quiet waters this sense becomes of 
the utmost importance to it,] far exceeding in value that of smell or 
taste. 

Although blind, Amhlyopsis avoids even the diffused light of a 
room, remaining in the dark compartment of the aquarium until 
night, when the specimens all collect in the light compartment. 
Bright sunlight is irritating, and even a lighted match held near the 
aquarium causes very general and active movement. The direction 
of light does not influence the action of these fishes, but their 
behavior is due to a perception of difference in the intensity. In 
Chologaster young fish an inch in length react more strongly to light 
than older ones, even if their eyes are destroyed, and one part of 
the body is as sensitive as another to a beam of strong light. Am- 
hlyopsis also shows a strong positive reaction toward violet 
rays and a strong negative one toward pink and blue (helio- 
tropism). 

(The ear of Amblyopsis is anatomically normajj but no ordinary 
noises such as screaming or striking together metal objects over the 
fish have the slightest effect upon its actions. It seems therefore 
to be/(totally insensible to sound waves, although higlily sensitive 
to other vibrations) 

Amblyopsis feeds on occasional young fish of its own or some 
other species ; it also eats the blind crayfish and Crangonyx and per- 
haps Cxddotea, though the latter lives concealed under stones. The 
crayfish feeds upon the two lesser Crustacea, so that sooner or 
later their substance may form a part of the Amblyopsis even if 
they do not contribute directly to its menu. 
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The invertebrate fauna shows in general the same modifications 
among its members as are found among the vertebrates. 

^ Summary of Modifications. -^The adaptations which cave ani- 
mals have undergone are all in the nature of retrogressions or 
modifications of preexisting structures. The principal modifica- 
tions, therefore, fall under the four following groups, of which the 
first is : 

Cl. Loss of pigmentation j or bleaching, in response to lack of light. 
The Cuban cave fish, SUjgicola^ a modified marine fish, is in a 
transitional condition, as the individuals range from pale violet to 
steel blue. The former should be found in the deeper recesses 
of the caves but as a matter of fact both light and dark fishes are 
found side by side. As has been said, the diffused light penetrates 
deeply into these Cuban sea caves, which may account for the 
apparent slowness of depigmentation. The rosy color of the Pro- 
teuSj especially the carmine of its gills, is simply due to the hue of 
its blood showing through the pigment-less skin. Proof of this, 
if such were needed, would be the alternate paling and redden- 
ing of the gills with the varying flow of the blood during respi- 
ration. 

(2. Reduction of the eyes.) These may degenerate)in the manner 
shown above, the individual parts of the eye(becoming imperfect 
and then functionless,^r the entire eye may be still further re- 
duced, covered by other tissues, or even become entirely obsolet^ 
Blind forms, as has been shown, may nevertheless be sensitive to 
light and even heliotropic. ^ As a partial recompense for the loss 
of vision, tactile organs, including antennae, or possibly the sense 
of smell, may be increased in efficiency. Cave fishes and salaman- 
ders are highly sensitive to ordinary vibrations, although in some 
known instances deaf to sound wave^ 

{3. The organs of digestion may be considerably modified, du^ 
no doubt ^o the scarcity of food^ which not only implies long fasts 
and irregular digestive activity, (but a highly efficient utilization 
of whatever of nutrient value the food may contai^ 

(4. Slender bodies and long attenuated appendages are also 
characteristic of cave dweller^ The term depauperated,^' which 
means falling short of the natural size from being impoverished or 
starved, expresses the general appearance quite clearly, as almost 
all of the effects, other than those produced directly by the absence 
of light, are due to scarcity of food. Quiescent conditions seem 
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conducive to length of appendages, for this characteristic is seen 
in other localities, as on the bottom of the sea. 

Convergences. — As one would infer, convergences exist because 
of the simple and uniform character of the environment, which 
offers little opportunity for variety of habitat or habits, hence of 
necessity all cave creatures tend to look alike. 

Food Supply. — The scarcity of food has been emphasized, but 
the ultimate source of food is yet to be discussed, for in its final 
terms animal food is derived from green plants, which in their 
turn depend upon sunlight. Hence nature’s great epigean labora- 
tory must be the ultimate source of the food, and its transference 
into the cave is largely a matter of chance. Some is doubtless 
brought in by temporary visitants whose rejectamenta form a 
meager supply for the busy scavengers which in turn perish 
that others may be fed. Some organic food is blown or carried 
in by the subterranean streams, but it may readily be seen 
that the amount of food available is in inverse proportion to 
the size of the cave and directly in proportion to that of the 
entrance. 

Theories to Account for Cave Modifications. — Several theories 
have been advanced to account for cave modifications, among 
which are the following: 

1. Cessation of selection or panmixia would probably account 
for the reduction of certain structures, although whether it would 
cause them entirely to disappear is a mooted question. The reversal 
of selection may account for the loss of such structures as the eyes, 
for it is conceivable that in the deeper recesses of the great caves the 
presence of such easily injured organs might become a menace 
rather than a mere matter of indifference. 

2. Most explanations of the origin of the retrograde characters 
of cave animals involve the inherited effects of disuse, in other 
words, the inheritance of acquired characters, of which so many 
good authorities deny the possibility. 

3. In view of the difficulties in the way of this, it seems that 
the theory of the cumulative effect of determinate variations may 
explain the adaptation for cave life which makes possible the origin 
of cave inhabitants and their further modification after becoming 
cave forms (Banta). 

4. The forms were adapted first and changed their environment 
to suit. 
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Perhaps a (Compromise explanation embodying portions of those 
listed above may come nearer the truth than any one exclusively. 
It may be that creatures already weakened and tending to de- 
generate entered the caves for retreat from the strife of epigean 
existence for which they were unfitted, and that starvation and 
absence of light increased the individual degeneracy and finally 
had its effect on the race. Nevertheless it may well be that cer- 
tain of the modifications shown by cave-dwelling forms are merely 
ontogenetic, until heritable coincident mutations arise. 

Origin of Cave Faunas. — Four theories have been advanced 
by Eigenmann to account for the origin of cryptozoic faunas. 
These are: 

1. Accidental carrying in. This probably plays little or no part 
in cavern-peopling, for frogs and fishes placed within the caves 
have speedily departed, either to the epigean region or to oblivion, 
and such attempts by man have never succeeded in establishing a 
single new cave form. 

2. Step by step colonization, the species penetrating further 
and further into the deeper recesses in successive generations. 

3. The animals may have developed along with the caves. 
pari passuy a theory which is rather unlikely. 

4. Animals elsewhere adjusted to do without light may have 
gathered voluntarily into the caves. This, as has been emphasized, 
does not mean fossorial forms but those which lived in crevices or 
under banks and rocks where feebler creatures would be likely 
to take refuge. The white-footed mouse has such a habitat in 
rocky woodland, and it is only when it lives in woodlands where no 
rocks exist that it burrows and thus proves the exception to the 
rule; this burrowing, furthermore, may well be a secondarily ac- 
quired habit. 

This last theory of cavern-populating conforms most nearly 
with that which seems most plausible for the origin of cave modi- 
fications. 

Deep-Sea Life 
Environment 

Extent. — While the oceans cover 64.5 per cent of the earth^s sur- 
face, the deep sea is more limited in extent; nevertheless it em- 
braces about one-half of the entire globe. Most geologists have 
become convinced of the relative permanency of the oceans, there 
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ha’ving been no essential shifting of their areas, at least since the 
close of Proterozoic time. 

Physical Characteristics. — The most remarkable characteristics 
of the sea in their effect upon animal life, as discussed in detail in 
Chapter IV, are four in number, of which the first is cold. Below 
about 3000 feet the temperature is 37° F. or less, all diurnal and 
seasonal fluctuations of temperature cease, and the waters are 
equable in their darkness and degree of heat the world over, 
whether they lie beneath the pole or under the vertical rays of a 
tropical sun. In the great “ deeps the water is ice-cold, averaging 
about 32° Fahrenheit. Ocean currents from the polar regions, sink- 
ing ever deeper, flow toward the equator with a deliberation which 
renders their rate of progress immeasurably slow; nevertheless 
they bring with them to the greatest depth the polar cold, and 
oxygen ; food, on the contrary, sinks directly from the sun-lit upper 
strata into the depths. 

This intense cold is believed to date from the Glacial period, for 
with the melting of the ice the cold waters, pouring into the oceans, 
sank into the depths, so that the Pleistocene was a critical time for 
all forms of life, not only for the plants and animals of the glaciated 
lands and the shallow-water life of the northern and southern 
oceans, but evidently for the scarcer denizens of the abyss as well. 

Below the limits of disturbance caused by the greatest of storm 
waves, about 600 feet, and below the average depth of tidal action, 
all movement is exceedingly slow, and there are only the impercep- 
tibly deliberate diffusion streams which mingle the waters. How- 
ever, about the oceanic islands and in places along the continental 
slopes down to about 3500 feet the bottoms are without ooze ac- 
cumulation. 

The distance to which light penetrates varies with the angle of 
the sun's rays and the clarity of the water; but on the average 200 
fathoms is the limit of its penetration. This, as in the case of cave- 
dwelling forms, has its effects both direct and indirect on the 
organisms of the deep. 

While atmospheric 'pressure at sea-level, depending as it does on 
the weight of the overlying column of air, is, on the average, nearly 
fifteen pounds to the square inch, when one goes downward below 
the surface of the water the pressure increases enormously owing 
to the greater relative weight of water. This rate of increase, 
which is in direct proportion to the depth, is, in round numbers. 
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about one ton to the square inch for every thousand fathoms. 
Even at sea-level the burden of the air pressure upon our bodies 
would be unbearably great were it not equalized within and with- 
out, and so it is with marine forms. The submarine diver in his 
inflated dress is strictly limited as to depth, and so is the underseas 
craft, because the pressure is borne by the surface of the ship and 
is not transmitted throughout its mass as it is in a deep-water 
animal. Hence the submersible is crushed and destroyed at a 
relatively slight depth compared with that beyond which pressure- 
adapted creatures can penetrate with security. 

Summary of Bionomic Features. — Briefly, these are the four 
factors just discussed — cold, quiescence, darkness, pressure; add 
to these the total absence of living green plants beyond the light 
zone and the summary of conditions is complete. 

Sea Floor. — Because of its influence on marine life the character 
of the ocean bottom must be determined. Away from the con- 
tinental margins the ocean floor is a vast undulating plain with 
occasional volcanic and other elevations which may or may not 
reach the surface, and here and there profounder abysses — the so- 
called deeps. This floor is carpeted with a mass of material, of 
terrigenous (born of the land) origin near the shores, and organic 
in nature further out until the profounder depths are reached, 
where the organic materials cease. Thus the continental shelf 
from tide limits to the depth of 100 fathoms is covered with terrig- 
enous materials, mainly sands with occasional areas of mud washed 
into the sea by rivers, the debris of subaerial and stream erosion, 
and also that made by the waves in cutting back the land. Out to 
200 miles from land, more or less, and therefore at depths up to and 
over 1000 fathoms, both terrigenous and organic materials prevail, 
but beyond these limits the former cease except for water-logged 
volcanic material — pumice stone and ash — to which should be 
added the extra-terrestrial bodies called meteorites. 

The organic remains are known collectively as oozes, and con- 
sist of the shells and partially decomposed remains of tiny organ- 
isms, Protozoa, Mollusca, and plants, which dwell in the upper 
portions of the sea and whose bodies fall as a veritable rain into 
the depths when their allotted span is measured. The oozes are: 

Pteropod ooze^ consisting of a certain percentage of the limy 
shells of pteropods or sea-butterflies (Mollusca) mingled with other 
organic remains. This ooze is not very extensive, comparatively 
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speaking, and is found at a limited distance from land. In depth 
it ranges from 500 to 1500 fathoms. 

The second kind of ooze, known as foraminiferal or Globigerina 
ooze, contains a high percentage of the remains of Foraminifera, 
small marine Protozoa whose shells are also composed of carbonate 
of lime. Of these the genus Globigerina is so characteristic and 
abundant as to give its name to the mass. This is the most exten- 
sive ooze of all, covering vast areas of the Atlantic and Antarctic 
oceans. Its vertical range is from 1500 to 2500 fathoms. The lower 
limit is caused by the increase of carbon dioxide dissolved in the 
water, which in turn is determined by increasing pressure. The 
presence of this carbon dioxide adds to the solvent power of the 
water, hence limy shells cannot exist beyond 2500 fathoms, and, 
if the water^s depth exceeds that limit, they are dissolved before 
being buried by later accumulations. 

Radiolaria are also Protozoa which secrete delicate glassy tests 
or skeletons of silica. These, while fragile and easily broken, re- 
sist solution far beyond the disappearing point of the calcareous 
shells. Radiolarian oozes are not widespread, but occur in the 
tropical regions of the Pacific and Indian oceans. They cover but 
3.4 per cent of the ocean floor. 

Diatom ooze is formed of the siliceous shells of minute plants, of 
which a single species is particularly abundant in Antarctic waters, 
where the Diatom oozes cover an area estimated at 10,000,000 
square miles or 6.5 per cent of the entire sea bottom. The average 
depth is about 2000 fathoms. 

Beyond the oozes comes the red clay, the most widely distributed 
of oceanic deposits, as it covers 36 per cent of the oceans. In depth 
it ranges from 2500 fathoms downward and really includes the 
limits of the Radiolarian ooze, for Murray says that the latter may 
be regarded as a variety of red clay containing many radiolarian 
skeletons. This red clay is derived chiefly from the disintegration 
of the pumice and other volcanic materials which have long been 
acted upon by sea-water. In the greatest depths there is of course 
practically no limy material present, but in lesser depths the clay 
merges either into Globigerina or Radiolarian ooze. The rate of 
deposition of the red clay is very slow, as there have been found 
in it grains of meteoric dust, the undissolved ear bones of whales, 
and the teeth of huge sharks (Carcharodon megalodon). The latter 
are not known to have survived the Pleistocene period, and yet 
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the teeth lie so near the surface of the deposit as to be picked up in 
an ordinary dredge, occasionally in great numbers, one dredge 
load from the central Pacific containing 50 ear bones of whales 
and 1500 sharks^ teeth. 

Food Supply. — The significance of the oozes from our present 
viewpoint is that they constitute the importers of food into the 
depths. Many of the creatures live in the great pelagic zone where 
life-giving heat and light are prevalent and where green plants 
(algse) flourish. These algse form the food of the ooze animals and 
the latter, dying, descend through the refrigerating cold to the 
depths below. Although certain bacteria may be present, dis- 
integration must be very slow, so that the animal substance re- 
mains available as food for a considerable time. The ooze is in a 
state of suspension, probably a foot or more in depth, and to this 
come fishes with feeble masticatory organs to feed upon the ooze 
creatures, and in their turn form the food of the more aggressive, 
predaceous sort. From the nature of things the animals are largely 
carnivorous. 


Deep-Sea Fauna 

All phyla of animals are represented in the deep-sea fauna, but 
they are of course only water-breathing organisms, hence the 
higher Arthropoda (insects, etc.) and all vertebrates above the 
fishes are debarred. 

Origin. — None of the deep-sea forms is the product of a locally 
evolved race, but they are all simply adapted migrants from the 
lesser depths, either the pelagic or the littoral realms. Thus their 
modifications are merely a response to the physical conditions of 
the deep sea which, while it gives rise to convergences as does the 
cave life, does not entirely mask relationships with the shoal-water 
forms. It was thought that because of its changelessness the deep 
sea would prove the last refuge of certain very ancient forms of 
marine life, elsewhere extinct, such for instance as the Paleozoic 
trilobites. But extensive submarine exploration, notably that by 
the English ship Challenger,^’ the American “Albatross,” and 
the Norwegian ship “Michael Sars,” has revealed many abyssal 
organisms, none of which is old, geologically speaking, or if ancient, 
without living relatives in shallow waters. In other words, no Pa- 
leozoic survivals are exclusively deep-sea in their present distribu- 
tion, in fact, there are here no Paleozoic stocks at all. 
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It may safely be said that the deep-sea invertebrates do not 
antedate the Triassic and that the majority have affinities with 
Jurassic and Cretaceous types. The vertebrates, on the other 
hand, are yet more recent, for, with the exception of the sharks 
and chimseroids, none is older than the Lower Cretaceous and the 
exceptions mentioned may well be relatively recent downward 
migrants, although they may be representatives of creatures which 
have survived elsewhere at least from the Carboniferous. 

Adaptive Characters. — The adaptive characters of deep-sea 
animals are summarized by Gunther as follows: 

1. The animals frail and weak, with very little earthy matter 
in their bones. The flesh is thin and flabby in consistency (see, 
however, page 356). 

2. Simplified colors are the rule, some being red or brown, others 
either pearly gray or black, although some fishes have scarlet fins. 
None, however, has the diversified colors of the light zone. The 
scarlet fins may be an inheritance from a colorful ancestor, or, as 
in the blind Proteus of the Austrian caves, may be due to the color 
of blood showing through a pigment-less skin. The pink eyes of an 
albino are analogous. One fish, Macrurus filicauda, reverses the 
standard faunal coloring of sea fishes in that it has a black belly and 
is silvery on top. This may be explained as a response to the rever- 
sal of the source of illumination, for such as there is, is due entirely 
to the luminescence emanating from the animal life, which is 
largely benthonic. Hence the enemy looking down on the fish 
from above sees only the silvery back which blends with the lumi- 
nous environment, while to a foe looking up from below the black 
belly would blend with the overlying darkness and thus become 
practically invisible. 

3. Some deep-sea fishes are blind, others have telescopic eyes, 
yet others have eyes like concave mirrors, either of the two latter 
types serving to absorb the greatest possible volume of light 
rays. 

4. There are, as a compensation for the loss of vision, certain 
tactile organs, long feelers and slender attenuations of the fins such 
as may only be used effectively in quiescent waters. 

5. Almost all are luminescent. The light-giving function may 
be either diffused over the entire body or on the belly or localized 
in highly modified organs. These may take the form of round, 
shining, mother-of-pearl-colored bodies, imbedded in the skin. 
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either larger bodies of an oval or irregularly elliptical shape, 
placed on the head in the vicinity of the eye, or smaller round 
globular bodies arranged symmetrically in series along the side 
of the body and tail, especially near the abdominal profile, some- 
times along the back. Teeth and mouth may be luminous. 

This luminescence seems, in part at least, to have been 
acquired before the deep-sea migration occurred, necessitated by 
the nocturnal pelagic habits mentioned above. Such forms are 
diurnal vertical migrants, sinking below the light zone during the 
daytime and coming to the surface at night. This habit may have 
aided in their adjustment to pressure and cold and thus made easy 
their abyssal journey, accomplished probably by step-by-step 
migration extending over many generations. Luminescence is 
absent in all fresh-water fishes, for the only places wherein they 
could find perpetual darkness — the profounder depths of certain 
lakes and inland seas — are of too brief duration, geologically 
speaking, for the evolution of new structures such as these. The 
chemical character of sea-water as an aid to their establishment in 
marine fishes has also been mentioned as a reason for their absence 
in fresh waters. But many insects are luminescent and none such 
are marine. 

6. Many deep-sea fishes live on decaying ooze, and hence have 
lost their powers of mastication. Others are rapacious, with power- 
ful jaws. 

7. Many show wonderful contrivances for the care of young; 
others produce young in enormous numbers. 

Vertical Distribution. — Life exists at all depths, specimens hav- 
ing been taken even at so profound a distance downward as 8000 
meters or 26,000 feet, nearly five miles, but the numbers of in- 
dividuals decrease as the dredge descends to greater and greater 
depths. The abyss is, however, comparatively rich in species 
though poor in individuals. Thus at 500 fathoms the dredge may 
contain a hundred examples of the same animal, whereas in greater 
depths there may be two each of ten different species. 

Sir John Murray has determined the number of bottom-dwelling 
fonns at the various levels to be 

Down to 200 meters, about 4,200 species 
“ 2000 600 

a 4000 400 

Over 5000 “ “ 150 
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gastropods are shallow-water forms, although a number of them 
are found at depths of from 1000 to 2000 fathoms. As in the 
pelecypods, the shells and their ornamentation are more delicate 
than in their shoal-water relatives, and their colors are faint, 
^ though often this is counterbalanced by the brilliancy and beauty 
of the iridescence, and even the non-iridescent abyssal species give 
out a sort of sheen, which is wanting in their shallow-water allies 
(Grabau). 

Cephalopods (see Chapter XXVI) inhabit waters of moderate 
depths only, but because of their prevailingly great swimming 
powers only the benthonic or sluggish sorts are taken in the dredge, 
our knowledge of the more aggressive sorts being derived largely 
as a result of accident or as a by-product of the sperm-whale 
fishery, for they constitute the bulk of the dietary of this huge 
cetacean. 

Of the arthropods, we have barnacles from 3000 fathoms, ostra- 
cods from 2000, decapods such as crabs, shrimps, and lobsters rang- 
ing down to 2500, though true crabs are largely shallow-water 
forms, few occurring below 400 fathoms. 

Vertebrates. — Of the elasmobranchs, the true sharks have been 
taken at depths of from 345 to 400 fathoms and the rays down to 
608 fathoms. None show deep-sea characteristics, however, except 
perhaps the luminous shark, Spinax niger, which ranges from 500 
to more than 1500 fathoms. The chimseroids or silver sharks (see 
Fig. 16), on the other hand, often with huge eyes and a long at- 
tenuated body and tail, are distinctly abyssal in their appearance. 
Of these, Chimsera affinis ranges from 200 to 1300 fathoms, CaU 
lorhynchus down to 600, Harriotta from 700 to 1000, and Chimsera 
monstrosa down to 1000. 

The Esociformes (pike-like) group of teleost fishes includes the 
cave forms, AmblyopsidjB, described above, in addition to two 
families with deep-sea members, such as Cetomimus, with a huge 
mouth, small teeth, no scales, and very small eyes. Another, 
Ipnops, is paradoxical in that while it has no eyes it has neverthe- 
less two large, luminescent organs on the head! These may be 
alluring, to aid in securing prey (see below). Of the Clupeiformes 
or herring-like fishes, the deep-sea family Stomiatidse is char- 
acterized by delicate scales or none and by well-developed lumi- 
nescent organs. Anguilliformes are eel-like, and of these the 
larva of the true eel, known as Leptocephalus, is to be included 
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among the abysso-pelagic forms. Another, Gash ostomus (Fig. 
89, C), with very long, slender body and enormous jaws, is a highly 
characteristic abyssal type. Gadiformes, cod-like forms, are not 
old geologically, ranging from Oligocene and Miocene to Recent. 
The deep-sea representatives have the mouth reduced in size, denti- 
tion reduced, eyes very large, trunk shortened and tail tapering 
to a filament. Thus, while cod-like in general aspect, they are 
nevertheless distinctly abyssal, but being relatively recent down- 
ward migrants their adaptations are not yet profound. 

The Pediculati (anglers) include a remarkable group of fishes 
whose paired fins have become adapted for bottom-crawling, and 
the anterior fin-rays of the dorsal fin function as a lure, unwary 
fishes being brought within the influence of the horrible jaws and 
incontinently engulfed. The shoal- water allies may be protec- 
tively embellished with filaments, like fronds of sea-weed, to permit 
them to lie in wait in a bed of algae without detection. The deep- 
sea forms, on the other hand, are bereft of such devices, which 
would be manifestly out of place where no sea-weeds exist, but 
they are peculiarly adapted none the less to their habitat. As they 
are not benthonic, the pelvic fins are absent, and so are the scales; 
the color is black and instead of a seaweed-simulating lure, the 
fin-rays are tipped with luminous organs to attract the prey {Lino- 
phryne, Fig. 89,E, F). One, OneirodeSj is itself blind, but here the 
value of luminescent organs is at once apparent. 

The deep-sea fishes have been spoken of as weak and flabby of 
flesh, but that is when released from the terrific pressure to which 
they are adapted. The relatively great jaws and cruel mouth 
armament which many possess imply creatures of marked physical 
prowess, decidedly out of harmony with their apparent frailty 
when within the scope of human observation. 

Another characteristic of deep-sea fishes which has not been 
mentioned is their very small size, for whereas the dimensions of 
shallower water forms may often be measured in feet, a length of 
several inches is distinctive of many of these grotesque ^^mon- 
sters'’ of the abyss. 

Perhaps the most striking feature of the deep sea and of the 
cave as well is their changelessness. There is nothing to mark 
the flight of time — no day or night, no sequence of seasons, and 
the sameness of conditions year in and year out must have a 
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Fig. 89. — Deep-sea fishes. A, Photostomias guernei, length 1.5 inches, taken 
at 3500 feet; B, I diacanthus fer ox, 8 inches, 16,500 feet; C, Gastrostornus bairdii, 
18 inches, 2300-8800 feet; D, Cryptopsaras couesii, 2.25 inches, 10,000 feet; 
E, F, Linophryne lucifer, 2 inches. (After Goode and Bean, from Schuchert’s 
Historical Geology.) 
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marked influence on the inhabitants. The stream of individual 
life as well as of evolution is quickened by environmental changes 
and is lulled into repose where change is not. Thus these forms, 
when once they are adapted to the peculiar conditions which, as 
incoming migrants, they have to meet, practically cease their 
evolution as they diminish their individual activity and consequent 
metabolism. Life for them is the antithesis of the feverish activity 
of surface forms, and will be until the next great geologic revolution 
puts a period to their existence. 
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CHAPTER XXIV 


DESERT ADAPTATION 

Characteristics of the Desert. — The popular conception of a 
desert is of a vast level stretch of drifting sand, devoid of vegeta^ 
tion except in the rare oases, and peopled by camels and the more 
venturous of humanity — nomadic Arabs and the like. While cer« 
tain desert areas do conform more or less closely to this descrip- 
tion, it by no means applies to all, nor is it even characteristic 
of the greater portion of the arid stretches of the earth’s surface. 
The desert does not imply sterility, but simply the possession of a 
rainless, or nearly rainless climate, where drought may be said 
to be almost continuous ; for in the true desert there is no regularly 
recurring rainy season, and such rains as may fall are intermittent 
and uncertain in their character. Some years, even torrential 
rains may fall for a few days, as the existence of considerable num- 
bers of dry water courses, dry saline lake beds, and the marks of 
ancient torrents conclusively proves. During other years, prac- 
tically no rain may fall; indeed, in many of the principal deserts, 
according to the reports of residents inhabiting the various oases, 
it is stated that sometimes for several years in succession not a 
drop of rain has been known to occur. In tropical countries desert 
conditions prevail if the average rainfall is under 15 inches a year, 
in temperate under 10 inches, and only the most utter deserts 
are absolutely rainless, as, for example, the desert of Atacama in 
South America. 

Extent of the Desert. — The combined area of all of the desert.s 
of the world, that is, the portion where evaporation of water is in 
excess of precipitation, and where the water courses have no out- 
lets to the sea, has been estimated at eleven and a half millions 
of square miles, or over one-fifth of the entire land area of the globe. 
Thus it will be seen that, while neither desert plants nor animals 
can exist in any marked proportion to those of humid areas, 
they must, nevertheless, form a large and peculiarly adapted 
flora and fauna, thus constituting a problem of considerable im- 
portance. 
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Desert Life 

The three great needs of every organic group are that its mem- 
bers may find food and safety and be able to continue their kind 
in future generations. This is of course true of desert forms, but 
the conditions are such that two necessities stand out in marked 
contrast with the others. These are moisture-getting and moisture- 
conservation, and defense against both the physical and organic 
environments. The struggle for existence is exceedingly severe 
and the weeding out of the unfit ruthless. 

M oisture-Getting 

The securing of an adequate supply of moisture is the prime 
requisite of desert forms, for, as we have seen, its scarcity is the 
one unvarying characteristic of the desert. Water therefore must 
not only be obtained by diverse means, but also effectively con- 
served. 

Plants. — Even where the surface sands are dry and burning 
there may be available ground waters, therefore many plants 
send down deep exploring roots which seek and find the subter- 
ranean water supply. Among such plants is the date palm (Phoenix 
dactylifera) which flourishes only where its roots have access to 
water. Along the banks of the Nile where the eroding action of 
the river has bared the roots of the palms, they may be seen going 
to a very great depth until they reach the water-bearing strata. 
Thus the presence of the date palm implies either subsoil water or 
that it is watered artificially from a well, as rain may seriously in- 
jure it. In the land where rain seldom falls and where an incandes- 
cent sun daily pours down its fiery beams, out of a sky in which a 
cloud is rarely seen, the date tree finds its most congenial home^^ 
(Madden). 

In the Sonoran desert of our Southwest, the most characteristic 
tree is the mesquite {Prosopis juli flora) and here again the roots 
are of great length, sometimes penetrating to water-bearing strata 
at a depth of 50 to 75 feet, although only under exceptional con- 
ditions does the tree itself reach 20 to 40 feet in height. 

In addition to these deep penetrating tap roots there is often 
another series which spreads horizontally through the superficial 
soil, and by means of which the plant avails itself of such occasional 
rainfall as does not penetrate the deeper layers. In younger plants 
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of Carnegiea gigantea^ for instance, the main root ^stem is that 
associated with the tap root, which has the dual function of 
anchorage and absorption. As the plant grows, however, the 
lateral system develops, widespread from the original root, and 
takes over the function of absorbing water, leaving that of support 
entirely to the tap root. 

Moisture suspended in the air and which, while it may form 
dew, is not actually precipitated in the form of rain, must be ren- 
dered available, and this may be brought about by one of two 
ways, possibly by the deliquescence of the salty encrustation so 
characteristic of desert plants or by the mechanical collection of 
dew by the hairs which bedeck their surface. In either case, the 
water instead of evaporating back into the atmosphere may be 
largely absorbed by the plant. The saline coat and the pubescence 
are therefore hygroscopic (having the property of readily imbibing 
moisture from the atmosphere) in their effect. Whether or not 
the plant can utilize the moisture thus collected is, however, open 
to question. 

Animals. — With the animals almost the sole source lies in the 
juices of the food, whether plant sap or the blood of prey. Many 
creatures have learned to depend on such a source entirely and 
have abandoned the ordinary means of quenching the thirst by 
drinking water even when, as occasionally happens, it becomes 
available, although the collected dew may be absorbed with the 
plant food. To what extent the skin may have the hygroscopic 
power is not recorded, but Willey discovered that the moloch 
{Moloch horriduSf Fig. 91), a highly spinescent lizard which lives 
in the sandy deserts of Australia,, absorbed water like blotting 
paper when a live specimen was put into it. 

M oisture C onservation 

Plants. — The first method of water conservation is by means of 
reservoirs. Of these Van Dyke says: ‘^The storage reservoir be- 
low ground is not an unusual method of supplying water to the 
plant. Many of the desert growths have it. Perhaps the most 
notable example of it is the wild gourd. This is little more than an 
enormous tap root that spreads out turnip-shaped and is in size 
often as large around as a man^s body. It holds water in its pulpy 
mass for months at a time, and while almost everything above 
ground is parched and dying, the vines and leaves of the gourd, fed 
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from the reservoir below, will go on growing and the flowers con- 
tinue blooming with unruffled serenity. In the Sonora desert there 
is a cactus or a bush (its name I have never heard) growing from a 
root that looks almost like a hornet^s nest. This root is . . . 
again a water reservoir like the root of the gourd.^' 

The cacti (see PI. IV) contain large masses of watery pulp in their 
stems, the water being renewed during each humid season. Some 
of these, like the giant saguaro {Carnegiea gigantea) and the still 
more gigantic saguesa (C. pringleu)^ consist of huge, fluted columns, 
the first from a foot to a yard in diameter and 10 to 60 feet in 
height, sometimes single, again branching like a candelabrum. The 
latter consists of from three to ten such columns rising from a single 
root. These have woody skeletons like vertical ribs corresponding 
to the flu tings of the column and supporting the pulpy mass. 

The barrel cactus or bisnaga (Echinocactus emoryi) affords an 
easily obtained supply of drinkable water for the thirsty Indians 
of the Sonoran desert. The water is secured by cutting off the top 
of the cactus and then mashing the pulp with a stick. It may then 
be squeezed with the hands, the plant tissue thrown away, and 
ihe moisture remains behind in the cavity thus formed. From the 
agave or century plant’’ (maguey) of Mexico the sap is obtained 
by tapping the plant in the center of the crown of leaves. This is 
allowed to ferment and forms the Mexican national beverage, 
pulque.” 

A thickened bark to hold water is found on many trees like the 
sangre-de-dragon and torote {Jatropha spp.) which are also pro- 
tected from loss by evaporation by a glazed or varnished surface. 
If a tree is wounded the sap flows, thickens to a varnish, and heals 
the cut. 

Animals. — Water storage in animals has not been extensively 
investigated, except perhaps in the camel, in which the rumen or 
first division of the stomach has developed in its walls what are 
known as water cells. These are cavities with a narrow mouth 
which can be closed by a sphincter muscle, acting like the draw- 
string of a bag. When the beast drinks, not only is the stomach 
filled, but these water cells as well. The water contained in the 
stomach is of course at once absorbed into the circulation and 
distributed, but the stored water is later doled out to the stomach 
and thence to the blood through the relaxation of the sphincter 
muscles. Hence the camel can travel from oasis to oasis with oom- 
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parative ease, but Lord Wolseley^s Soldier^ s Pocket Book tells 
us that when worked for three days without water, a cameFs con- 
dition runs down rapidly, and after long journeys of five or six days 
without water, it requires several days to regain its strength, while 
if it is allowed to go down below a certain point, it will take weeks, 
perhaps months, to pick up again, and if it is old it may never 
recover (Madden). 

Avoidance of Evaporation. — Plants avoid loss of water princi- 
pally by leaflessness. No desert shrub or tree is large-leaved, ana 
with most the leaves are either very small or, as in the cacti, en- 
tirely absent, the thickened stems serving such respiratory func- 
tion as is absolutely necessary. Where leaves occur they either 
fall off at once with the coming of drought or fold themselves so as 
to present the smallest possible surface for evaporation, or they 
may hang edgewise to the sun. 

The form of the plant is also such as to offer the least surface in 
proportion to the bulk. To be ideal this form should be spherical, 
which is of course hardly possible, nevertheless a robust cylindrical 
shape with a hemispherical termination is common and some cacti 
are reduced to the hemisphere alone, which, with its armament of 
spines, looks not unlike a well stocked pincushion. The cylindrical 
form intercepts more sunlight when the sun is low and the light 
proportionately weak; as the sun rises and gains in strength, how- 
ever, less and less is received by the cylindrical sides until a condi- 
tion of total reflection is reached. The relatively small hemispheri- 
cal summit will now give the plant a very material advantage over 
the cactus whose bulk is entirely contained within the hemisphere. 
The fluting of the surface which often occurs is of course opposed 
to the principle of surface reduction, but is possibly a mechanical 
necessity for stiffening a tall column with little internal strength, 
also for allowing a bellows-like expansion with temporary increase 
of stored water. 

The hairiness which has already been mentioned as a mechanical 
aid to moisture-getting is also of conservation value, as it resists 
transpiration by day as well as collecting dew by night; and the 
varnishing or waxiness so characteristic of desert plants has the 
same economic function of conserving moisture. It also reflects 
sunlight, giving total reflection when rays are slanting. 

Animals conserve water by being non-perspiring, for while per- 
spiration may have a physiologic value, not only to aid in ridding 
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the body of some effete waste, but also, through its evaporation^ 
in keeping the body cool, these benefits are offset by the ill effect 
of the loss of moisture from the system where water is scarce and 
precious. Practically non-perspiring mammals are thus a response 
to arid adaptation. 


Defense 

Plants. — The first defensive need of the plants is anchorage 
against the almost continually blowing winds, and the same tap 
roots which serve so admirably for water-getting also aid in secur- 
ing the plant in the place where it would grow. The so-called 
Russian thistle (Salsola tragus) , which is a widespread and trouble- 
some weed in many parts of the central and western states, is firmly 
anchored until its growth is accomplished and it has ripened its 
seeds, then, loosening its hold, it is driven before the wind and so 
scatters its seed far and wide. The seeds may have been brought 
into Canada by the Russian inunigrants with their wheat, but now 
its own migratory powers have spread it far beyond its older limi- 
tations. 

SpinescencCf which is a very prevalent characteristic of desert 
plants, doubtless serves very adequately the purpose of defense, 
although it may also admit of another explanation, for spines tend 
to diminish as humidity increases and increase where it diminishes. 
But the numbers of grazing animals against whose depredations 
the spines are thought to be effective diminish in direct propor- 
tion fco the increase in aridity and hence where spinescence is most 
highly developed. This would seem to weigh against the belief 
that such structures are the result of adaptation for defense. 
Nevertheless, as Van Dyke says: 

‘*The sahuaro, the bisnaga, the cholla, and the pan-cake lobed 
prickly pear would have a short life and not a merry one if they 
were left to the mercy of the desert prowler. As it is they are 
sometimes sadly worried about their roots by rabbits and in their 
lobes by the deer. It seems almost incredible but is not the less a 
fact, that deer and desert cattle will eat the cholla — fruit, stem, 
and trunk — though it bristles with spines that will draw blood 
from the human hand at the slightest touch.” 

The jack-rabbit will also gnaw the flat cactus, Opuntia, avoid- 
ing the spines, thus sadly mutilating it but never quite destroying 
the pla-nt. 



Plate. I. — Domestic varieties of pigeons. 1 , wild rock dove, Colmn- 
ha livia, ancestral form; 2, homing pigeon; 3, common mongrel; 
4, archangel; 5, tumbler; 6, bald-headed tumbler; 7, barb; 8, pouter; 
9, Russian trumpeter; 10, fairy swallow; 11, black-winged swallow; 12, 
fantail; 13, carrier; 14, 15, bluetts; bird between 14 and 15, a tailed 
turbit. Exhibit in the United States National Museum. (Courtesy of 
that institution.) 





Plate Til. — Skeletons of man, Homo sapiens, and rearing horse, Equus cabaU 
lus, to show (correspondence of bones, also loss of bones, digits, etc., in the horse. 
Mounted skeletons in the American Museum of Natural History. (Courtesy of 
Professor Osborn.) 




. Platio IV. A, cactus, sajj^iiaro, Canityicd (liganira, in 
the desert west of Zapotitlan, Puc^bla, Mexico. B, cactus forms 
at head of San Juan Ryan barranca, Puebla, Mexico. (Photo- 
graphs by Professor Charles Schuchert.) 



Plate V. — ^Beresovka mammoth, Mammonteus primigenius, discovered frozen in 
the soil. Specimen as it now appears in Leningrad. 




Plate VII. — A, cycad trunk, Cycadeoidea mperua, from the Lower 
Cretaceous (Lakota) of the Black Hills, South Dakota. B, section of 
a fossil cycad, C. ingem, showing molecular structure, histomctahasis; 
a young undeveloped frond, showing the vascular bundles. Specimens 
in the Yale University Museum. 



Plate VIII. — -Pompeian dog. Plaster cast from a natural mould. 



Plate IX. — Skeleton of the gre^>,test carnivorous dinosaur, Tyrannosaurus rex, mounted in the 
American Museum of Natural History. (Courtesy of Professor Osborn.) 




Plate XI. — Skeleton of the sauropod dinosaur. Brontosaurus excelsus, mounted in the American Museum of 
NatujTtl History. (Courtesy of Professor Osborn.) 



Plate XII. — Skeleton of the duck-billed dinosaur, A natosaurw« (Claosaurus) annectens, mounted in the Yale Peabody 
Museum. The first actual dinosaur skeleton mounted in the United States. 



Plate XIIL — Skeleton of the armored dinosaur, Stegosaur ingulatus, Upper Jurassic (Morrison) of Wyoming, 

mounted in the Yale Peabody Museum. 



Plate XIV. — The earliest known bird, ArcJummis, from the Upper 
Jui’assic of Bavaria. (Restoration by Heilmann.) 



Plate XV. — Skeletons of Hesperomis, a toothed diving bird from 
the Cretaceous (Niobrara) of Kansas. Standing specimen, H. regalis; 
swimming, H. cra.mpes. Mounted skeletons in the Yale University 
Museum. 





Plate XVI. — Tooth of a carniv- 
orous dinosaur, Allomtmis?, and 
the entire jaw of a contemporary 
mammal, IHcrocynodon, found in 
association in the same (piarry. 
Jurassic of Como Bluff, Wyoming. 
Both two-thirds natural size. 
Specimens in the Yale University 
Museum. 





PULTE XVIII. — Skeleton of the condylarth, Phenacodus resartus, Lower Eocene (Wasatch), Wyoming and New Mexico. 
Mounted skeleton in the American Museum of Natural History. (Courtesy of Professor Osborn.) 




Plate XIX. — Skeleton of Hoplophoneus, Middle Oligocene, South Dakota, a forerunner of tlie great Pleistocene saber- 
tooth. Mounted skeleton in the American Museum of Natural History. (Courtesy of Professor Osborn.) 





Plate XX. — Skeleton of the great saber-tooth, Smilcdon neogaeus, Pleistocene, South America. Note the loss of one of 
the sabers. Mounted skeleton in the American Museum of Natural History. (Courtesy of Professor Osborn.) 




African elephant, "Jumbo,” Loxodontu africana, from a photograph 
taken in the London Zoological Garden. 





Plate XXII. — Skeleton of the four-tusked mastodon, Trilophod&n ( = Tetra- 
dodon) anqustidens, Lower Miocene, Africa and Europe. Mounted skeleton in the 
irdin des Plantes, Paris. (Courtesy of Professor Boule.) 







Plate XX IV. — Skeleton of the one-toed horse, Eqmis scotti, the last of 
the American evolutionary line, Pleistocene, Texas. Mounted skeleton in 
the Yale Peabody Museum. 



Plate XXV. — Skeleton of Camelops hestemm from the Pleistocene (asphalt) of the 
Rancho la Brea, California. (Courtesy of the Los Angeles Museum.) 


Pl\te XXVI. — Golacla Baboon, Theropithecus gelada, Southern 
Abvssinia ^‘An insanely animated caricature of a lion” — Ditmars. 
(Photograph from the New York Zoological Society.) 




Plate XXVIII. — Orang-utan, 8imia satynts, Sumatra and Borneo. 
(Photograph from the New York Zoological Society.) 
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Plate XXXI —Restoration of prehistoric men, after models by J. H. 
McGregor. A, Pithecanthropus erectus, the Ape-man of Java; B, Eoanthropus 
dawsoni, the Piltdown man; C, Homo neanderthnleiisis, the Neanderthal man; 
D, Homo sapiens, the Cro-magnon man. (Courtesy of Professor McGregor.) 
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Nature knows very well that the attack will come and so she 
provides her plants with various different defenses. The mc^t 
common weapon which she gives them is the spine or thorn. Al- 
most everything that grows has it and its different forms are many. 
They are all of them sharp as a needle and some of them have saw 
edges that rip anything with which they come in contact. The 
grasses, and those plants akin to them like the yucca and the 
maguey, are often both saw-edged and spine-pointed. All cacti 
have thorns, some straight, some barbed like a harpoon, some 
curved like a hook. There are chollas that have a sheath covering 
the thorn — a scabbard to the sword — and when anything pushes 
against it the sheath is left sticking in the wound. The different 
forms of the bisnaga are little more than vegetable porcupines. 
They bristle with quills or have hook-shaped thorns that catch 
and hold the intruder. The sahuaro has not so many spines, but 
they are so arranged that you can hardly strike the cylinder with- 
out striking the thorns.” 

Of the chemical characteristics which serve the plants for defense, 
the first to assail one^s senses is the strong aromatic character of 
desert vegetation. Both odors and tastes are very pronounced and 
may prevent the plant from being eaten just as the spinescence 
does. A notable instance is the very characteristic sage brush of 
the western plains which no mammal will eat except the jack-rabbit 
and no bird except the sage hen, and the flesh of each is so thor- 
oughly impregnated by the sage that no human being will eat 
either of them if any other food is available. Neither the rabbit nor 
the chicken will eat the sage during their first summer and then the 
flesh of each is most palatable. The grease wood is another disagree- 
able tasting plant with sticky varnished leaves which nothing will 
eat, and the sangre-de-dragon has a blood-red sap which is so pow- 
erfully astringent that the Indians use it to cauterize bullet wounds. 

Thus, aside from being disagreeable to the taste and smell, 
many plants are actually poisonous, some cathartic, others emetic 
in their effects, while one, the loco weed {Astragalus horiiii) pro- 
duces, aside from bodily alterations, symptoms in domestic stock 
comparable to insanity, hence the term ^4ocoed” as applied to one 
mentally deranged (Span, loco, insane). Horses and cattle do not 
touch the loco plant for the first time voluntarily, but as with 
many other forms of narcotic, the habit accidentally acquired is 
almost impossible to break. 
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It would seem again as though these chemical characteristics 
were of great defensive value, and doubtless they are; but whether 
that is a sufficient cause for their being what they are, or whether 
it is due to desert conditions regardless of the presence of devour- 
ing animals is not quite so clear. The aromatic character is so 
prevalent among desert plants, whether used as food or not, that 
it leads one to question whether or no defense is a prime cause in 
the evolution of this characteristic. The gazelle, one of the most 
admirably adapted of desert animals, is confined to tufts of wiry 
grass and a few dwarf and strongly scented aromatic herbs for food. 
That these agree with it is attested by the fact that the number of 
gazelles in some parts of the Arabian desert is extraordinary and 
vast herds have occasionally been met with. 

Another conception of the origin of the chemical characteristics 
of desert plants is that they are merely a response to aridity. It 
is well known that saline lakes are characteristic of arid climates, 
and to the geologist the presence of beds of salt or gypsum or other 
alkaline substances is indicative of desert conditions in bygone 
times. These salt lakes are thus described by Pirsson: Part of the 
river burden consists of various salts in solution and such salts 
are carried by all streams, even if, in a given volume, the water 
appears so fresh that they can only be detected by chemical means. 
In ordinary rivers these salts are discharged into the sea, but in 
interior drainages [f. e, such as end in evaporation] since they 
cannot be dissipated by evaporation like the water, they must 
constantly accumulate at the point where the drainage ends. 

^^If the river ends by dwindling, its lower part finishes in a 
stretch covered with salt deposits, sometimes in wet seasons con- 
verted into a salt marsh or shallow salt lake, and known as a salina. 
Examples of these are found in the Tarim River which ends in the 
desert of Gobi in central Asia, in the Desaguedero River which 
carries the drainage from Lake Titicaca in Bolivia, and in many 
other places. But if the end of the drainage system is a lake the 
latter is bound in time to become salt through the concentration 
of these substances, and such salt lakes are features of arid or 
desert regions in all the continents.^^ Examples are the Dead Sea 
in Palestine, Lakes Baikal and Balkash and the Aral Sea in Siberia, 
and in North America the Great Salt Lake in Utah, Pyramid Lake 
and others in Nevada, and Mono Lake in California. 

The idea has been expressed that the chemicals which impregnate 
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desert plants may have an analogous source — water more or less 
laden with these salts is drawn from below by the roots and, being 
dissipated ultimately into the air by evaporation, leaves the sub- 
stances behind as a residue which may in turn be elaborated by the 
plant into the characteristic aromatic or saline chemical. If this 
be true, it would account for these characteristics without invoking 
the need of defense, but one would expect to find, as in thorny 
growths, a lessening of the chemical attributes as one passes from 
the arid to a more humid region. 

Animals. — Against physical conditions the animal must find 
means of protection and the first of these conditions is that of the 
temperature extremes so characteristic of arid climates, for while 
moisture in the atmosphere is transparent to light, it is opaque to 
heat. Hence where the air is laden with water — either diffused or 
in the form of clouds — not only does less solar heat penetrate to 
the ground during the day but less is radiated into space during 
the night. Therefore some of the highest temperatures recorded 
are not under the equator where it is humid but in northern 
Africa and in Asia Minor where dryness prevails. Solimos in his 
Desert Life informs us that the “^sand temperature one day marked 
146° Fahr. — temperatures of 170° Fahr. were also found near Jaffa, 
and Duveyrier found the Sahara one day over 182° Fahrenheit.^ 
But these would probably be sun temperatures. On other occa- 
sions he tells us ‘Matches were lit by touching the sand with them. 
Blankets drawn over one another or even slightly shifted, blazed 
up like sheet lightning. The heat was 109° Fahr. among clothes 
in a trunk, and 111° Fahr. in the wind: combs, vulcanite, bone or 
horn, became brittle and useless.’^’ Again, the German traveler, 
Doctor Barth, after describing the great heat of the desert in south- 
ern Tripoli, mentioned that the guide of the Arab caravan begged 
him to beware of the cold during the night, which he represented as 
very intense, and it is a fact well known to all travelers that though 
the heat in the Sahara is often very extreme by day, the nights are 
uniformly cold, when the hot wind does not blow (Madden). 

Thus the desert animal, unprovided as he is with additional 
garments, must seek out “the shadow of a great rock in a weary 
land’’ by day or if none be available he must burrow and thus 
escape the extremes of heat and cold, which might prove fatal. 

Defense against the ubiquitous sand is a prime need, for sand as- 
sails three vulnerable portions of the creature’s economy — the eyes, 
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ears and nostrils. Desert reptiles, among other marked adap- 
tations, have these vital organs protected as follows: “In the dig- 
ging species the nostrils are directed upwards instead of forwards; in 
most of the snakes they are protected by complicated valves, or 
they are reduced to small pinholes. The eyes of Typhlops [a bur- 
rowing desert snake] are overhung by the head-shields. In Agama 
and Phrynocephalus [lizards] the margins of the lids are broadened 
into plates and are furnished with peculiar scales. In Teratoscincus 
the upper lid is enlarged. The lizard Mahuia has the lower lid en- 
larged, with a transparent window in it, so that the eye can be 
closed without impeding sight, an arrangement carried to the 
extreme in Ablepharus [whose lower eyelid is transformed into 
a transparent cover, which is fused with the rim of the reduced 
upper lid, exactly as in the Lacertine genus Ophiops]. The ear- 
opening is either small, or protected by fringes of scales, or it is 
abolished, e. g., in Phrynocephalus^^ (Gadow). 

The camel again shows its desert adaptation in the largo eyes, 
necessary for an animal which relies so much upon vision for 
security, but they are guarded by long, abundant eyelashes, and 
the level carriage of the head, seen also in the desert ostrich, 
brings the eyes as far as possible above the sand — nine feet in the 

camel, seven in the bird. 
This is also a response 
to the reflected heat of 
the blistering sand and 
rocks. The camel’s nos- 
trils are capable of being 
closed like eyelids, and 
the apertures of the ears 
are protected by hair. 

The saiga antelope 
{Saiga tartaricaj Fig. 90) 
is a typical desert form 

found fossil (Pleistocene) 
Fia. 90. — Saiga antelope, Saiga tartarica. • j „ 

(After Geikie.) England but now 

confined to eastern Eu- 
rope and western Asia. This peculiar beast has a large and 
much inflated nose, the two nostrils being widely separated and 
very short and the narial apertures of the skull placed very far 
back like those of certain extinct types (such as the horse Hiv^ 
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pidion, see Fig. 232). This whole device is for the exclusion of 
sand from the breathing apparatus while the animal is grazing. 

Coloration is the first and perhaps the most conspicuous of the 
adaptations which furnish protection against other animals. No 
greens are seen among desert creatures, but they arc generally 
sympathetically tinted— gray, brown, or red, harmonizing with the 
color of the sand or rock, '^Sometimes the same species will show 
double color adaptation to suit local conditions. Thus the gazelle, 
Madden tells us, “furnishes a conspicuous and very beautiful 
example, so closely do their coats resemble the general coloring of 
the landscape [white on sand, dark grey on volcanic rock] that in 
the distance, and when at rest, it is scarcely possible to distinguish 
them from the surrounding sand and stones/’ Van Dyke says of 
the coyote: “He is cunning enough to know . . . that you cannot 
see him on a desert background as long as he does not move ; so he 
sits still at times for many minutes, watching you from some little 
knoll. As long as he is motionless your eyes pass over him as a 
patch of sand or a weathered rock.” 

Warning coloration is often seen in the desert, and as a rule it is 
not merely the mimicry of a dangerous form but the actual livery 
of one which should not be molested if the assailant would escape 
unscathed, for venomous spiders and insects and reptiles are com- 
mon.^ Here for instance is found the conspicuous yellow and black 
Gila monster, the only lizard with poison fangs; and conspicuously 
marked wasps, while not, perhaps, actually dangerous to humanity, 
are to the creatures with whlj:h they compete. 

Hard surface and spinescence are as characteristic of desert in- 
sects and some reptiles as they are of desert plants.^ The moloch 
(Fig. 91) with the thirsty skin which has been described is covered 
with thorn-like scales, and the horned toad is a conspicuous Amer- 
ican instance of spinescence. Here, as with the plants, the spines- 
cence loses its intensity of development as one passes into the more 
humid regions, for while in the horned toads of the Southwest the 
horns at the back of the head are long and prominent, in those of 
Wyoming and Nebraska they are much less conspicuous. 

Venom has already been referred to as a desert attribute. Van 
Dyke again sums the matter up most admirably, although he 
speaks of more than the reptiles with which he introduces his re- 
mark. He says of them: 

“They are given the most deadly weapon of defense of all- 
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poison. Almost all of the reptiles have poison about them in fang 
or sting. We are accustomed to label them ^ poisonous^ or ^not 
poisonous/ as they kill or do not kill a human being; but that is not 
the proper criterion by which to judge. The bite of the trap-door 
spider will not seriously affect a man, but it will kill a lizard in a 
few minutes. In proportion to his size the common red ant of the 
desert is more poisonous than the rattlesnake. It is reiterated with 
much positiveness that a swarm of these ants have been known 
to kill men. There is, however, only one reptile on the desert that, 
humanity need greatly fear on account of his poison and that is the 
rattlesnake. . . . The rattle is indescribable, but a person will 
know it the first time he hears it. It is something between a buzz 
and a burr, and can cause a cold perspiration in a minute fraction 



Fig. 91. — Spiny lizard. Moloch horridus. (After Gadow.) 


of time. . . . Every animal on the desert knows just how veno- 
mous is that poison. Even your dog knows it by instinct. He may 
shake and kill garter-snakes, but he will not touch the rattlesnake. 

^^All of the spider family are poisonous and^ou can finci)almost 
every one of them on the desert., The most sharp-witted of the 
family is the trap-door spidep^the name coming from the door 
which he hinges and fastens over the entrance of his hole in the 
ground. The tarantula is simply an overgrown spider, very hiiavy 
in weight, and inclined to be slow and stupid in action. He is a 
ferocious-looking wretch and has a ferocious bite. It makes an 
ugly wound and is deadly enough to small animals. The scorpion 
has the reputation of being very venomous; but his sting on the 
hand amounts to little more than that of an ordinary wasp. Nor 
is the long-bodied, many-legged, rather graceful centipede so great 
a poison-carrier as has been alleged. They are all of them poison- 
ous, but in varying degrees. 
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The skunk of the Southwest is greatly feared by the natives as 
its bite is supposed to produce skunk hydrophobia. In reality, 
however, it is blood-poisoning that results from the bite, for the 
skunk feeds on carrion and its teeth, defiled with the remains of its 
last meal, inject some of the putrescent material into the wound 
caused by its bite. It is probable that in many of the desert crea- 
tures the dangerous reputation is altogether undesiuwed. The 
native cook of a certain Yale expedition to the Southwest had the 
entire personnel in terror of its life from the only arachnid which 
docs not possess poison fangs! 

Speed, as we have seen, is a characteristic of the dwellers in 
arid climates, for they have to travel far and wide for food and 
drink or to pursue or evade pursuit as the case may be. There is 
so little cover and the creature in motion can be seen so far that 
speed becomes a prime requisite in many unrelated types. Mai^ 
of the lizards are so swift that the eye loses sight of them asTfiey 
dart from rock to rock, and some run on the hind limbs for greater 
rapidity. Some birds, as the ostrich or the road runner or chapar- 
ral cock of the Southwest, are noted for their speed. The gazelle, 
wild ass, and camel again are great travelers, while a desert jack- 
rabbit finds his match only in a greyhound — an ordinary wolf or 
coyote will not attempt to chase him, for they realize the hopeless- 
ness of it. The western antelope, Antilocapra^ even with a limb 
shot from under him, has been known to outdistance a horse, and 
with all four limbs the run is so easy and so deceptive that a gunner 
almost always underestimates the speed and places his bullet 
behind the fleeting game. Even the domestic cattle on the western 
ranges have an ease and speed in running which is a revelation to 
an easterner. 

This speed shows itself in the slender form, long limbs, and often 
in the sand-adapted feet of the desert wayfarer,^ Those of the 
camel, with the broad, yielding pad and secondary retrogression 
from unguligrade to digitigrade, are splendidly fitted to the yield- 
ing sands. Of the desert lizards, Eremias has very large crural 
(shank) shields; Scapteira has the digits broadened out into 
shovels; others, e. g.j Phrynocephalus and TeratoscincuSy have 
long lateral fringes on the digits, a very rare arrangement 
among geckoes, occurring elsewhere among them only in Pteno- 
pus and StenodactyluSj which are likewise inhabitants of the deseii 
(Gadow). 
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The senses of sight, hearing, and smell are highly developed as 
contrasted with those in forest-dwelling forms, for instance, whose 
vision is notoriously dull even though hearing and smell may be 
acute enough. Sometimes about all one can see of a desert rabbit, 
frozen into immobility through fright, are the large, clear, watchful 
eyes which never seem to close. 

Intelligence is also a desert desideratum, especially among 
defenseless, that is, non-venomous forms, for the Gila monster 
seems to be superlatively stupid while the others must match 
their wits as well as length of limb if they would survive. 

As we shall see in later chapters, the wide-spread desert and 
semi-desert conditions which have occurred from time to time in 
the geologic past have been of prime importance as evolutionary 
stimuli, and have given rise to some of the most momentous 
changes in organic life. 

Colonial Life 

The plant life of the desert is not evenly spread as in humid re- 
gions, but is in scattered, discontinuous colonies with long stretches 
of verdureless sand in between. Moreover, these communities are 
composed of several species, not only of one, for while the inter- 
specific struggle in the desert is intense, that against a relentless 
physical environment is more so, so that cooperation becomes 
of greater moment than exclusive self-advancement. McGee says: 

“The various plants of the [Seri] district, including those of the 
distinctive types, are communal or commensal, both among them- 
selves and with animals, to a remarkable degree; for their common 
strife against the hard physical environment has forced them into 
cooperation for mutual support. The tufts or clusters in which 
the vegetation is arranged express the solidarity of life in the 
province; commonly each cluster is a vital colony, made up of 
plants of various genera and orders; and forming a home for 
animal life also of different genera and orders; and, although 
measurably inimical, these various organisms are so far inter- 
dependent that none could survive without the cooperation of 
the others.’^ 

The origin of the communities has been well summed up by 
Van Dyke: “Mesquite springs up on the plain, birds nest in the 
branches, drop seeds of cacti some of which like vines cannot stand 
alone, armature of cacti and mesquite combine for protection. 



DESERT ADAPTATION 


373 


Windblown grass seeds lodge about the roots and grasses grow 
and seed beneath the shelter of the branches. Small mammals 
seek some protection and dig holes among the roots, making chan- 
nels for rain and fertilizing the spot with rejectamenta. Annual 
and semi-annual plants take root in the sheltered and fertilized soil 
beneath the cacti and mesquite and in season the place becomes a 
miniature garden of foliage and bloomage. Then come certain 
ants for seeds, flies and wasps for nectar, and birds nest in the 
branches. Such communities dot the vast plains, intermediate 
stretches are practically lifeless.^^ 

Origin of Desert Life 

The desert floras are all local adaptations of migrants from more 
humid regions, except the cacti and torotes, which seem to be the 
products of aridity, since neither is represented in the flora of humid 
regions. Of the animals, all are forms whose range is greater than 
the desert limitations; nevertheless some of them, like the camels, 
are so perfect and ancient an adaptation to desert life that when, 
during the Miocene, we find the first indications of retrogression 
of the feet (see Chapter XXXVII) we can safely infer the beginning 
of aridity if we had no other evidence. A few animals are desert- 
adapted, others may be merely temporary migrants desertward, 
returning to more salubrious places from time to time. Many of 
these latter creatures go to the desert during its periods of fertility 
and the numbers of species which have been noticed as occasional 
visitors is very large; but as the waters dry up and the vegetation 
begins to wither, these take their departure in common with the 
desert nomads and their flocks; of whom a regular exodus then 
begins (Madden). 

Summary 

The modifications of desert animals and plants, while in many 
instances wonderful in their detail and of the utmost importance 
in the struggle for existence, are largely, as in the cave, the result 
of response to unfavorable conditions — not of course to darkness, so 
that degeneracy other than the loss of leaves rarely occurs, but to 
the nature of the soil, to extremes of temperature, and to thirst 
and hunger. The fact that so many of the seeming desert char- 
acteristics lose their extreme of development as aridity dimin- 
ishes is evidence for this. The plant adjusts itself to, the animal 
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flies from, and the man modifies the desert conditions — for a timt? — 
but all the intelligence and engineering science he has brought 
into the combat only prevail for a while, as the ruins of ancient 
cities in central and western Asia attest. For man’s conquest of 
the desert is like his so-called command of the sea — which tolerates 
him and his mightiest creations during her more complacent moods, 
then storm and ice and fog combine and the proud fabric which he 
boastfully calls Titanic perishes. Man for a brief space may dom- 
inate the desert, but sooner or later the desert will claim its own. 
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SECTIONS. PALEONTOLOGY 


CHAPTER XXV 

FOSSILS: THEIR NATURE AND INTERPRETATION 

The term fossil is thus defined in the Encyclopsedia Britannica: 

(L. fossilisy from foderCj to dig up.) Since the time of Lamarck 
reserved to include only the remains or traces of plants and animals, 
preserved in any natural formation whether hard rock or superficial 
deposit, not only petrified structures of organisms but whatever 
was directly connected with or produced by these organisms. 

In general, the idea of antiquity is associated with our conception 
of a fossil, as for instance in that of Barnard, whose definition 
reads: ^^The remains of animals and plants which have existed on 
the earth in epochs anterior to the present and which are buried 
in the earth.’’ By Geikie, however, the idea of antiquity is not 
necessarily included, for his notion of the term embraces “the 
bones of a sheep buried under gravel and silt by a modern flood,” 
as well as “the obscure crystalline trace of a coral in ancient 
masses of limestone.” The idea of burial, however, by some natural 
agency, either by water- or wind-borne sediments or by being en- 
gulfed in bog or quicksand, is always implied. 

Nature of Fossils 

To many the term fossil implies a petrifaction — literally a turn- 
ing to stones — and while in many instances the gradual addition to 
or replacement of the organic material by some mineral substance 
has occurred, that is not always the case, so the student has come 
to recognize several sorts of fossils and to group them under the 
following heads. 

Actual Preservation Intact. — In nature’s cold storage ware- 
house, notably in the arctic tundras of Siberia, frozen either in the 
paleocrystic ice or in the soil itself, are found animal remains with 
more or less of the original substance intact. How many such re- 
mains have been found is doubtless unrecorded, as they were in 
more than one instance swept away by the waters as the ice broke 
UP/ or were devoured by dogs and wolves, possibly by the natives 
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themselves though the latter regard such objects with supersti- 
tious terror. Of the two most remarkable of these specimens the 
first was found frozen in clear ice in the Lena delta in 1799 and 
secured in 1806; and the skeleton, now mounted in the museum of 
the Leningrad Academy, has remains of the hide still adhering to 
the skull and feet. A century later, in 1901, the second speci- 
men (see PI. V) was found at Beresovka, Siberia, 800 miles west 
of Bering Strait and 60 miles north of the Arctic Circle. This crea- 
ture evidently slipped into a natural pitfall of some sort, possibly 
an ice crevasse covered with soil and vegetation. A fractured hip 
and fore limb, a great mass of clotted blood in the chest, and un- 
swallowed food between the clenched teeth all point to the violence 
and suddenness of its passing. Almost all of the animal was pre- 
served, though the hair of the back had disappeared and the trunk 
had been eaten off by dogs before the specimen was discovered. The 
mounted skin in the posture in which it was found, with the skele- 
ton in walking attitude beside it, together with various soft parts 
preserved in spirits, are also to be seen in the Leningrad Museum. 

Remains of mammoths have likewise been found in Alaska, but 
thus far no even approximately complete specimens have been 
secured. 

The woolly rhinoceros {Rhinoceros tichorhinus) has also been 
found frozen in the ice, but the greater part of the carcass was 
swept away by the water and irrevocably lost. Skulls, however, 
have often been found, some still more or less covered by the skin. 

Another though rare means of preserval of the approximately 
complete animal was shown by the discovery in 1907 of the remains 
of a prehistoric rhinoceros, unearthed at Bohorodczany in eastern 
Galicia, Poland. Here are extensive oil and wax mines near which 
the creature was found at the depth of about six feet below the 
surface. The head, nasal horn, one of the fore legs, and a large 
portion of the skin had been preserved in the oil-impregnated soil. 
We are told that a nearly complete mammoth had been found 
previously in the same place. 

The Yale Peabody Museum contains a remarkable specimen 
of a ground sloth, N othrotherium^ of which the skeleton is still 
held in articulation by the original tendons and sinews. Several 
patches of hide are also preserved, one of which is clothed with 
long yellow hair. This creature was found in a volcanic vent 
in New Mexico and was buried in accumulated bat guano which 
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aided in preserving it. Doubtless the skin would be largely com- 
plete had it not been devoured by rodents, the marks of whose 
teeth are still visible. (See PI. VI.) 

Another means of preservation of the animal is in amber, a 
fossil resin from pines, especially Picea succinifera. These resins, 
which when first exuded are sufficiently soft to engulf a fragile 



Fig. 92. — Insects preserved in amber. A, bug; B, aphid; C, caddice-fly; 
D, may-fly. (After Neumayer.) 

insect, later through the evaporation of the more volatile portions 
become hardened and finally change to amber without the slightest 
injury to the most delicate details of insect anatomy. About two 
thousand species, chiefly of insects, but also of crustaceans and 
spiders, are thus preserved in these Oligocene ambers, as well as 
over one hundred species of dicotyledonous plants. The so-called 
Baltic amber deposits are found about Konigsberg, along the 
Baltic coast of Samland, Germany (see Fig. 92). 
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Petrifaction. — As a rule, however, when more or less of the origL 
nal material is preserved, it has undergone a certain mineralization 
to which the term yetrijaction is applied. Naturally the degree of 
mineralization varies, but is usually greater the older the fossil 
in time. The parts thus preserved are almost invariably woody 
tissue or the hard parts of the animars anatomy — bones, teeth, or 
shell. Petrifaction implies interstitial addition or an extremely 
gradual replacement, molecule for molecule, as the original sub- 
stance is lost through disintegration. The resultant fossil retains, 
therefore, not only the external form but the histologic characters 
{histornetabasis, Gr. icrros, tissue, and jnerd^aaLs, exchange) of the 
original structure as well. Next to the rare preservals by cold 
or amber, the petrifaction is the most valuable in recompense for 
careful study. The elaborate exposition of the structure of the 
fossil cycads by Wieland is based upon this type of preservation, 
for while in almost every instance in a very large series of 
specimens the trunk only is preserved, it has been possible by 
drilling out a cylindrical portion where the buds occur and by 
cutting it into thin microsections in several planes to recon- 
struct with entire accuracy the foliage and flowers of the plant 
(see PI. VII). 

While histornetabasis usually occurs with plant tissues, the 
more perishable soft parts of the vertebrates are, however, occa- 
sionally preserved. In one striking instance described by Bask- 
ford Dean the muscle fibers and kidney structure are in a stata 
of admirable conservation in an ancient Devonian shark (Cla- 
doselache) from the Cleveland shale of Ohio. Microse(itions of the 
muscle tissue magnified one thousand diameters show very clearly 
not only the clean-cut character of the individual muscle fibers, 
but the cross striation of the skeletal muscles, and in one or two 
places the delicate membranous sheath or sarcolemma by which 
the fibers were enclosed. 

The replacing substances may be iron pyrites, iron oxide, sul- 
phur, malachite, magnesite, silica, or carbon. Woody tissue, the 
limy shells of molluscs and the calcareous skeletons of corals and 
certain sponges are apt to be replaced by silica, giving in some 
instances a perfect replica of the original in form, though not in 
minute structure, in a totally different substance, thus forming 
what is technically called a pseudomorph (see Fig. 93). There is 
evidence that certain hexactineUid sponges the original substance 
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of which was silica have been replaced by lime, the reverse of what 
may happen in the calcareous types. 

As time goes on, the molecules of the mineralizing substance tend 
to rearrange themselves according to the laws of crystallography, 
so that first the minute structure becomes impaired, the external 
form modified and obscured, and ultimately 
after an inconceivable lapse of time all trace of 
the organic original may be lost. 

Natural Moulds and Casts. — Another group 
of fossils are the natural moulds in which neither 
the material nor the minute structure is pre- 
served. These are formed by the hardening of 
the surrounding material in which the organism 
was buried, followed by the decay and subse- 
ciuent removal of the organic material by per- 
colating waters, thus leaving a cavity which re- 
tains the exact form of the original. In Pompeii, 
which may in a sense be considered a fossil city, 
at least two thousand people perished in the 
eruption of Vesuvius in 79 a. d. The city was 
covered to a depth of many feet by volcanic ash, finely divided 
rock which drifted in through the various openings of the houses 
and buried man and beast as well as the result of man’s handi- 



Fio. 93.“-Pseudo- 
morph, in which the 
original lirno of the 
Silurian chain coral, 
II a ly sites ca ten a la- 
ins, has been re- 
placed by silica. 
(From Schuchert’s 
Historical Geology. ) 


work. At first when human remains were discovered, the bones 
were merely dug out and thus preserved; later it was found that 
if the (cavity wherein they lay were filled with liquid plaster of 
pans the latter would, when hardened, give an admirable replica 
of the form and features of the victim. The remains of several 


people, men and women, European and Ethiopian, have been thus 
reproduced, together with a dog (see PI. YIII) and the vanished 
doors and wooden portions of the household furniture. 

Some of the fossil vertebrates of the Connecticut valley, which 
antedate those of Pompeii by milli(>ns of years, have lost all trace 
of the original bone through the percolation of dissolving waters. 
The impression, however, still remains, by means of which a fairly 
perfect restoration of much of the skeleton may be made. 

Often these moulds are filled in with other material, so that a 
natural cast of the object is formed differing from the petrifaction 
in that it retains the form of the organism but not its structure. 
By this means such evanescent things as jellyfishes have been pre- 
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served. Again, interior cavities, as of shells or the brain chamber 
of a vertebrate skull, may be filled with subsequently hardening 
sediment, so that a perfect cast of long vanished soft parts is pro- 
duced. This in the case of shells is often deceptive and has led to 
some confusion and duplication of names because of the striking 
dissimilarity of the outer and inner surfaces of the same shell. In 
the vertebrates, however, the brain replica is of the utmost impor- 
tance, for form, size, and proportions of parts are all preserved with 
absolute fidelity. It is, however, a cast of the dura mater or outer 
membrane of the brain, and while blood-vessels and nerve roots 
are often clearly indicated, the depth and complexity of the minor 
convolutions are not recorded. 

Footprints and Trails. — A certain group of phenomena should be 
considered in this connection — the footprints and trails of verte- 



Fig. 94. — Fossil footprints, Anomcepus inter medius, showing where the ani- 
mal rested. Drawn from a slab in the Amherst College Museum. Trias of 
Massachusetts. (After Lull.) 


brates and invertebrates with their attendant meteorological rec- 
ords of rain-prints, ripple-marks, and mud-cracks caused by the 
drying of surface mud after showers. The footprints (see Fig. 94) 
are of double interest, for not only are they oftentimes so well pre- 
served as to enable the student to trace much of the structure, 
but they sometimes give a clue to the proportions of the entire 
animal, especially when to the impressions of the hind feet are 
added those of the hands and tail. Furthermore, the footprints 
bring before the observer more clearly than any other records of 
the past the individuality of the creature, for they are fossils of 
living beings^ while all of the other relics are those of the dead. 

Coprolites. — ^A clue to feeding habits is generally gained from 
the study of the mouth armament in comparison to that of living 
allies, but conclusions are sometimes verified and supplemented by 
finding the fossil rejectamenta in association with bones or foot- 
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prints. To such relics the term coproUte is applied. Sometimes the 
unvoided intestinal contents preserves the outline and extent of 
the alimentary canal. This is distinctly seen in several of the 
salamandrine forms preserved in Carboniferous nodules from 
Mazon Creek, Illinois. 

Conditions for Fossilization 

Immediate burial is the first prerequisite for fossilization and it 
should be such as to exclude the air so as to prevent oxidation of 
the organism. This burial is most often effected by water-borne 
sediment, which in turn is derived from the degradation of older 
rocks. Sediment deposited in the seas and oceans is of the first im- 
portance, and as a consequence the fossil remains of creatures 
making their home in the shallower regions are by far the most 
abundant, while the deep-sea organisms are comparatively un- 
known because so little of these deposits has been elevated into 
land. The first-named deposits, especially when formed near the 
mouths of rivers, sometimes contain the remains of land or fresh- 
water animals which were swept out to sea by the stream, but such 
inclusions are purely accidental and not of common occurrence; 
in some instances, however, notably in certain dinosaurs, they 
have given us the only specimens of their kind thus far discovered. 

Fresh-water deposits are largely those of river bar or delta or 
flood-plain, though ponds and lakes do add their quota. The 
great Tertiary fossil fields of the western states were formerly sup- 
posed to be the result of lake-borne sediment, but the lakes would 
have been of such vast extent that the creatures in many instances 
were found an impossible distance from the supposed shore-line, 
where burial would be ineffectually slow. The lacustrine theory 
of origin has therefore been largely abandoned in favor of the idea 
of flood-plain sediments of ancient rivers. The greater part of 
our knowledge of terrestrial vertebrates is derived from such de- 
posits. 

Wind-borne material in the form of loess or volcanic ash has 
yielded fossils of land-living beings, the former containing largely 
shells, while the bones of the vertebrates are more often found 
buried in the latter; the sloth mentioned earlier in the chapter was 
preserved in an accumulation of bat guano. 

Miring. — Miring in bogs and quicksands, with its combined 
death and burial, has been a mode of preserval which has notable 
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examples in the mastodons found in numbers in New York and 
the adjacent states, and the great Irish deer whose remains are 
common in the peat bogs of Ireland. 

Perhaps the most remarkable death trap in the world is found in 
the Rancho La Brea which lies on the western border of the city 
of Los Angeles, California. The conditions there are thus de- 
scribed by Miller, after Merriam: 

Crude asphaltic oil from the underlying Fernando shales . . . 
has been forced to the surface through cracks or chimneys in these 
folded strata to accumulate upon the surface as more or less ex- 
tensive oil pools. This heavy oil, under the influence of sun and 
wind, underwent a process of natural distillation, becoming more 
and more viscid until in the larger accumulations it was sufficiently 
tenacious to entrap and hold the largest mammals of the region, 
ElephaSy Mastodoriy and Pararnylodon [Mylodim]. . . . Additions 
of these lenses of asphalt took place at the center as fresh oil rose 
through the chimneys from below; at the same time dust and sand 
drifted over and obscured the firmer asphalt of the margins. These 
two factors combined to bring about a most deceptive condition 
in the mass by leaving the periphery fairly firm and yet permitting 
a gradually increasing degree of plasticity toward the center with- 
out a positive demarcation of the danger zone. Upon this treach- 
erous surface a mammal would be unaware of danger until the 
dust-covered surface yielded under his weight. His sudden start or 
his leap for safety would make all the more complete his entangle- 
ment. . . . 

^^The entanglement of one ungulate would suffice to attract a 
multitude of carnivores. The creature probably acted not in- 
frequently as live bait for a considerable time, so that its struggles 
and outcries served to whet the appetites and overcome the 
instincts of caution in the hungry carnivore. It appears from Mer- 
riam^s studies that young animals or else old and diseased indi- 
viduals have very frequently been thus tempted, though there 
appear animals of all ages.’^ 

Subsequent Vicissitudes. — After all of the conditions for initial 
preservation have been fulfilled, the resultant fossil is subject to 
various vicissitudes as time goes on, due to pressure, elevation, 
folding, and subsequent erosion of the strata, and to the slow cir- 
culation of acidulated and other waters through the rock, either 
from above or below. The latter may dissolve away shell or bone, 
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leaving only a mould which may be subsequently obliterated, or 
the mineralized fossil may assume a crystalline structure and thus 
become unrecognizable as a relic of organic life. 

Crushing is due not alone to the tremendous weight of the super- 
posed rock, but also to the natural shrinkage of water-laid sediment 
in the subsequent drying-out process to which it is subjected. 
Notable instances of such distortion are shown in the Niobrara 
chalk of Kansas, which was laid down in a shallow inland sea to- 
ward the close of Cretaceous time. Here the bones of Pleranodon 
and other winged reptiles are crushed hat, though formerly those 
of the limbs were cylindrical, but V('ry thin-walled. In one spec- 
imen of a rnosasaur preserved in the Yale Museum the vertebrse had 
originally an average length and breadth of about 80 mm. ; one of 
these vertebra3 which lay upon the articular face has a present 
length of 21 mm., while another which lay upon its side has had its 
breadth reduced in the same ratio, about 1 : 4. 

Sometimes the fossil has been subjected to an oblique shearing 
movenumt which completes the distortion, and it requires the most 
judicious study to restore the organism mentally and graphically 
to its original symmetry of form. 

Field Technique 

In his search for fossil shells and plant remains one need not go 
far afield, for wherever sediimaitary roc.ks are exposed there is a 
varying chance for success. The fossils in which the more fragile 
portions of the organism are preserved are not so often met with 
and but few areas the wide world over have thus far produ(*ed 
them. Terrestrial vertebrates ar(‘ also rare as to localities, though 
often abundant within a limited area or horizon. Aside from cer- 
tain places where fossil-bearing rocks have been brought to light 
as a by-product of some commercial enterprise — mine, quarry, or 
railroad cutting — the most productive exploration has been made 
in the drier areas of the globe where soil or glacial drift does not 
conceal the eroded rocks and where the whole geologic structure is 
unobscured by a mantle of vegetation. Thus the semi-arid portions 
of our West, of Patagonia, or of northern Africa and central Asia 
are among the most favored places for field research. 

The vertebrate technique has been reduced to a science, which 
may be briefly summarized. After a judicious questioning of the 
inhabitants of a given region, which often yields much information 
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of value, the prospector, acting upon the knowledge thus gained, 
begins a careful, systematic search of the exposed rock, generally 
along cliff or escarpment, or within eroded water courses. Here one 
may see some portion of the skeleton protruding from the sand- 
stone, or the first indication may be a fragment underfoot, tech- 
nically called a lead, which one must if possible trace up the de- 
clivity until its original resting place is found. This may reveal 
the more or less complete skull or skeleton of a bygone type. Upon 
locating his prospect the worker then excavates the specimen with 
the utmost care, hardening it if necessary with weak shellac or a 
solution of gum arabic, which permeates the bone and renders it 
capable of being handled where otherwise it might be too fragile 
to save. The joints which are found in all consolidated rock often 
pass through the specimen, rendering it already in fragments while 
still in its native matrix. Hence as the bone is exposed from above 
it is covered with strips of cheesecloth or burlap dipped in flour 
paste for the smaller specimens or in liquid plaster of paris for the 
larger. When these bandages have thoroughly dried the fossil is 
further excavated and the covering extended until it is so far pro- 
tected that one may completely undermine it and lift it from its 
bed. The bone is then turned over and the bandaging completed. 
In the case of a large bone or skeleton, wooden splints are included 
within the outer bandages, the process being analogous to the 
treatment of a fractured limb by a surgeon; in fact, it was a physi- 
cian who first adapted the surgical method to the collecting of 
fossils. Careful labeling, packing in specially constructed boxes in 
hay or straw, and transportation to the museum, which often im- 
plies a long haul or portage before the railroad is reached, complete 
the work of the collector. 

In the museum the preparators unpack, and by softening the 
bandages with water they are one by one removed until the fossil 
is laid bare. Then the matrix is carefully removed, the bone fur- 
ther hardened with a suitable solution, all fractures repaired 
with a preparation of plaster of paris and glue, or other special 
cement, and the bone is ready for study. 

Significance of Fossils 

As one has said, the laws of physics are unchanging with the 
flight of time. A crystal formed a million years ago is precisely 
similar to one formed yesterday. Organisms, on the other hand, 
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are not immutable, but are continually evolving into other and 
more specialized forms, though the rate of progress may be re- 
tarded or accelerated, and a given race of animals or plants may 
differ markedly from another in its plasticity. Nevertheless the 
law holds true that mineral forms are changeless, whereas organic 
forms are altered as time goes on. Thus it comes to pass that while 
the nature of a given rock and that of its contained minerals may 
give no possible clue to its geologic age, the character of the in- 
cluded fossils indicates conclusively the time when the sediments 
were laid down. Certain types of animal or plant life are so char- 
acteristic of certain geologic horizons that the term index or guide 
fossils has been applied to them, and their importance in ascertain- 
ing geological chronology is of the first order. 

Fossils indicate the extent and boundaries of former lands and 
waters, the marine fossils showing the limits of encroaching seas, 
those of terrestrial origin the continental areas, the two combined 
defining with great nicety the ancient coast lines as interpreted by 
the expert. Further, as the isolation of contemporary marine 
faunas implies the existence of land barriers, so the appearance 
of new terrestrial animals previously unknown within the area is 
evidence of the formation of new land-bridges to serve as paths 
of migration. It was such evidences as these which enabled Pro- 
fessor Schuchert to prepare the admirable series of maps showing 
the evolution and vicissitudes of the North American continent 
and thus to raise Paleogeography to the status of a science. 

The variation of temperature and degree of moisture is perhaps 
most clearly indicated by the fossil plants, but at the same time 
the animals do add their evidence; for instance, the increasing 
aridity in the West during the Tertiary, had we no remains of the 
flora, would be as emphatically proved by the rapid diminution 
in the number and kinds of browsing animals and the great in- 
crease of grazing forms after the beginning of the Miocene. 

The modern camels show perfect desert adaptations which 
include, among other details, the yielding, padded foot. The 
earlier camel-like forms have deer-like feet. The retrogression into 
the typical foot of the camel therefore indicates the beginning of 
desert adaptation and hence of aridity of climate. 

The study of fossils has given rise to a new branch of Zoology 
and Biology, and while it cannot be carried to the extent of an 
experimental science, the growing wealth of knowledge which 
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Paleozodlogy embraces could be studied by the laboratory biolo- 
gist with great profit. 

A student of the philosophy of history may gain much knowledge 
whereupon to erect the fabric of his theories by his own observa- 
tion of contemporary events; but for final proof of his deductions 
he turns to musty records of the bygone centuries wherein he may 
trace the evolution of nations and the rise and fall of empires. 

So it is with the student of evolution, concerning which a great 
deal can be learned by experimental work, by the propagation of 
domestic animals and plants, and by witnessing the wonderful 
adaptations to every possible environment on the part of the 
teeming hosts of living forms. Rut as with the human historian, 
the final proof rests upon the documentary evidence which in this 
instance Paleontology alone can furnish. This evidence is still 
imperfect in parts, the chapters were never written in others, or 
the record has suffered grievous mutilation by the relentless hand 
of time. In places d4bris from the older rock with its contained 
fossils has been redeposited, confusing the record, as a palimpsest 
may show traces of former writings intermingled with the new. 
In spite of these vicissitudes the evidence is becoming more and 
more complete, and with each added link the vision of him who 
contemplates it grows ever clearer. 

REFERENCES 

Lull, R. S., “A Remarkable Ground Sloth, Memoirs of the Peabody Museum 
of Natural History^ Yale University, Vol. Ill, No. 2, 1929. 

Lull, R. S., Fossils, The Univensity Society, 1931. 

Schuchert, C., A Text-book of Geology, Part IT, Historical Geology, 1915, 
Chapter XIX; 2d ed., 1924, Chapter III. 

Schuchert, C., and Dunbar, C. O., Historical Geology, 4th ed., 1941. 



CHAPTER XXVI 


CEPHALOPODS 

Place in Nature. — Disregarding for the present the great sub- 
kingdom Protozoa, animals have followed three great evolutionary 
lines, culminating in the molluscs, the arthropods, and the verte- 
brates; of these the cephalopods represent the final goal of mol- 
luscan evolution, the insects of arthropod evolution, and the 
mammals of vertebrate evolution. Of all the invertebrate groups, 
therefore, the cephalopods and insects will prove the most in- 
structive subjects for our inquiry. 

The Cephalopoda are the most highly si^ecialized molluscs, re- 
lated to the humbler, more or less sedentary bivalves, clams, 
oysters, etc., and to the somewhat more ambitious univalves, 
the snails, whelks, and periwinkles. The cephalopods themselves 
include the free-swimming squids, cuttle-fishes, octopi, argonauts, 
and nautilus, and a host of extinct shelled forms allied to the last 
and representing a large group of which it is the sole survivor. 

In general the cephalopods are divided into two principal sorts, 
the one aggressive, swift, well armed but not armored — an essen- 
tially modern animal; the other sluggish and armored — old- 
fashioned in every sense of the word. An example of the first 
would be the squid LoUgOy of the second, the pearly nautilus. 
Nautilus. An understanding of the essential structure of these 
two types is necessary. 

Structure 

Squid 

Head and Arms. — Loligo pealii, a squid, is a bilaterally sym- 
metrical animal, having a distinct head, which protrudes from 
the open end of the conical mantle enclosing the body. This is 
elongated and tapers toward what appears to be the posterior end. 
There are a pair of horizontal fins at this end which together are 
more or less rhombic. The head is embellished with a pair of large, 
well developed eyes, and bears eight long tapering arms, forming a 
circle around the mouth. There are two additional grasping 
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tentacles capable of a considerable degree of extension. The arms 
bear on their inner face rows of suckers for adhesion; on the ex- 
tensile tentacles these are borne only on the expanded tip, on the 
others throughout practically the entire length. 

Suckers. — The suckers are goblet-shaped, each consisting of a 
shallow cup borne on a short stalk, having a membranous lip, 
within which is a narrow horny rim with a serrated margin. Within 
the cup is a muscular plug or piston arising from its bottom. When 
the sucker comes in contact with any object to which the squid 
wishes to cling, the horny rim is pressed against it and the mem- 
branous lip hermetically seals the joint. Then the piston contracts, 



Fig. 95. — Squid, Loligo sp., capturing a fish. (After Doflein.) 


producing a partial vacuum within the cup which causes it to 
adhere very strongly through the pressure of the surrounding 
water. 

Siphon. — Beneath the head lies the siphon or funnel which, as 
we shall see, constitutes, together with the mantle, the principal 
organ of rapid locomotion. The mouth, which is in the center of 
the circle of arms, possesses a powerful beak, like that of a parrot 
except that the lower jaw overlaps the upper. Within the mouth 
is a muscular tongue armed with a flexible rasp-like organ, the 
radula, a structure found also in the snails. 

Mantle Cavity. — The mantle, which is derived from the body- 
wall and is characteristic of all molluscs, encloses not only the 
body but a eavity of considerable extent along the under side 
almost to the apex. This, the mantle cavity, is in communication 
with the surrounding water through the free edge of the mantle 
itself; and also by means of the funnel which has already been 
mentioned and which is a tapering tube with its wider end open- 
ing into the cavity, its narrower one into the outside water. 

Within the mantle cavity are seen the respiratory organs — a 
pair of plumose gills — and it also receives the wastes from the ali- 
mentary canal, the kidneys, and other organs. The rhythmic ebb 
and flow of water from the mantle cavity carries off these wastes, 
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Fig. 96. — A, anatomy of female squid, with the arms cut away and the 
mantle slit open and pressed aside: au, branchial auricle; d, funnel; g, gill; 
/i, intestine; ink-sac; i, liver; od, oviduct; ov, ovary; r, renal organ; s, blind sac 
of stomach; vc, vena cava. B, jaws of squid. (After Verrill.) 
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brings fresh water for respiration, and also subserves the function 
of locomotion. 

Locomotor Organs. — Locomotion is effected in three different 
ways: either by crawling on the tentacles, by swimming forward 
by means of the fins, or, more rapidly, in a backward direction, by 
forcing a series of strong jets of water out of the mantle cavity 
through the forwardly directed funnel. This last is accomplished 
by the rhythmic relaxation of the muscular mantle, during which 
water flows into the cavity all around the neck; then the neck por- 
tion contracts so that the only exit is through the narrowing funnel, 
and a forcible contraction of the entire mantle forces the water out. 
The fins must act merely as keels during this backward progress, 
and the arms trail in the creature's wake as rudders. When the 
extensile tentacles are contracted and the other arms pressed 
closely together, the squid shows a fish-like contour like that of 
other swiftly swimming aquatic types, with the greatest diameter 
about one-third of the length from the apex, which in rapid pro- 
gression thus corresponds to a fish's snout. One form, Ornithotcii- 
this volatis, the flying squid, can leap from the water and, like a 
flying fish, occasionally land on the deck of a vessel. 

Ink -sac. — One remarkable organ which has not been mentioned 
is thg^ink-sac (see Fig. 90), a pear-shaped body, the interior of 
which is glandular and secretes a black substance known as the 
ink or sepia which collects in the cavity of the sac. This communi- 
cates by means of a duct with the mantle cavity, so that, if the 
squid is startled, the ink is poured into the cavity, where it mingles 
with the water, forming a dense black cloud when forced into the 
surrounding water, under cover of which the creature escapes (see 
Fig. 109). This is analogous to the smoke screen used by ships in 
time of war. 

Sense Organs. — In common with all well-developed motor types, 
the sense organs and nervous system are highly evolved, and the 
latter is protected by a capsule of cartilage analogous to the verte- 
brate cranium. The eyes have been mentioned and they are splen- 
did structures comparable in their degree of perfection to those of 
the vertebrate, although of course entirely independent in their 
origin and development. Ciliated pits behind each eye are also 
the seat of a well-developed special sense which has been inter- 
preted as that of smell, and in addition there are organs of equilibra- 
tion known as otocysts. These were formerly supposed to be 
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Subclass T etrabrauchiata (Ectocochlea) 

These are nautilus-like forms presumably with two pairs of gills 
and with a well-developed shell in the form of an elongated, cham- 
bered cone which later becomes coiled and then, in racial old age 
types, uncoils again. In size they do not as a rule compare with 
the larger of the dibranchiatcs, and yet certain 
individuals of the ancient straight-shelled Endo- 
ceras had a shell at least 15 feet long. 

Geological History.— The tetrabranchiates, on 
account of their resistant shell, are much better 
known geologically than are their more modern 
relatives, the dibranchiatcs, so that their evolu- 
tionary history as told by the shell has been 
worked out in detail. Schuchert summarizes the 
shell changes of the nautiloids thus: 

‘^Nautilids appeared in fair abundance in the 
Lower Ordovician. Among these the most primi- 
tive were straight, tapering cones that were cir- 
cular or oval in outline, and because there are 
many families of them they are called Orthocera-- 
cones (from the genus Orthoceras [Fig. 100], 
meaning straight horn). These orthocerids were 
common throughout the Paleozoic and particu- 
larly so in the Ordovician and Silurian. . . . 

With the Devonian these primitive forms began 
to wane slowly, but some were still present in 
the Triassic. All other types of cephalopods had 
their origin in the straight-shelled Orthocera- 

cones and the first of these had their cones yig. 100. Ortho- 

slightly bent and are therefore called Cyrtocera- ceras shell. (From 
cones (from Cyrtoceras^ meaning bent horn); later Histor- 

descendants were coiled in a loose spiral wound 
in a plane and are known as Gyroceracones (from Gyroceras^ mean- 
ing round horn); still others are tightly, wound, with the whorls 
embracing one another more or less closely, as in Nautilus^ and 
these are termed Nautilicones. On the sides of such one sees more 
or less of the inner whorls of the shells, and the area of these 
whorls is spoken of as the umbilicus. It is small in Nautilus and 
wide or open in the Ordovician forms. The bending of the tubes 
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Fig. 101. — Cyrto- 
ceras shell. (From 
Schuehert’s Histor- 
ical Geology,) 


is due to a more rapid secretion of lime along the ventral side 
of the cone, and the greater the unequal growth, the more rapidly 
the cone . . . rolls up,” or becomes involute. 

The geologic record of the evolution of the Tetrabranchiates 
includes of course the two main suborders, Nautiloidea and Am- 
monoidea. The first were long-lived, ranging 
from Cambrian time until the present. They 
embraced; however, several parallel phyla, but 
their long life is due in part to 
the fact that the degree of 
specialization to which they 
attained was never very great. 

Of the ammonoids, on the 
other hand, the reverse is true, 
for as their specialization was 
high, so was their career brief and rocket-like — 
swift in its ascent, dazzling in the culmination 
into many beautiful and remarkable forms, and 
headlong in the descent into oblivion. It must 
be borne in mind, however, that in using such 
a figure of speech we are speaking relatively, for 
the career of the ammonites, extending as it did 
from the Devonian to the close of the Creta- 
ceous, was really of immense 
duration. 

Nautiloids.— The first un- 
doubted cephalopod known 
is of latest Cambrian age, 
and belongs to the straight- 
shelled Orthoceracone type 
which is the radicle of the 
group. Endoceras, the most 
primitive of orthoceran 
forms, prevailed in the Or- 
dovician, but here came in 



Fig. 102. — Gyroceras 
shell. (After Zittel.) 


Fig. 103. — Lituites 
shell. (After Zittel.) 

also curved forms, at first sparingly, then later abundantly. The 
simple unspecialized orthoceran type survived throughout the en- 
tire Paleozoic, and finally disappeared near the end of the Trias. 

The first of the curved forms departed little from their ancestral 
habit, but enough to give a new generic title, Cyrtoceras (Fig. 101). 
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Cyrtoceras is Ordovician to Devonian in distribution. As time 
went on the curving became more pronounced. Finally the coil 
became complete, though the successive whorls did not touch the 
preceding ones; this stage is called Gyroceras 
(Fig. 102) and is most commonly Silurian in 
age. Later the succeeding coils began to 
touch and finally to embrace the preceding 
and the culmination of nautiloids was 
reached in Nmitilus (Fig. 99). 

When the close-(;oiled stage was attained 
the nautilian shell had reached its limit and 

could progress 
no farther, and 
at once some 
the stock began 




Fig. 104. — Goniatoid 
Qf shell. (From Schuchert’s 
Historical Geology. ) 


Fig. 105. -- Phylloceras shell. 
(After Zittel.) 


to retrograde, and uncoiling shells ap- 
peared. Lituites went through the or- 
thoceran, cyrtoceran, gyroceran, and 
nautilian 
stages, and as 
it became ad- 
olescent left 
the close coil 
and reverted 
to the ortho- 
ceran stage 
(see Fig. 103). It is of middle Ordo- 
vician age. 

The reversionary nautiloids are con- 
fined to the early and middle Paleozoic 
and did not in any case become radicles 
of later groups; they had run their 
course and exhausted the possibilities 
of development, and died out without 
descendants. The old simple orthoceran 
shell, however, held out until the Trias, 
and then gave rise to the belemnoids, 
and the unspecialized nautilian shell 
endured until the present time , though now rapidly nearing 
extinction. 



Fig. 10(). — Heteroceras 
shell. (From Schiicherks 
Historical Geology.) 
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Ammonoids. — The ammonoid ancestor is represented by Bac- 
triteSj an orthoceroid which by acceleration of development ac- 
quired a calcareous protoconch or embryo shell, and a marginal or 
ventral siphuncle. The ammonoid line appears in the Ordovician. 
By Devonian time they have sutures bent or fluted into lobes, and 
narrow shells, and it was out of this stock that the true ammonoids 
developed early in the Carboniferous. 

From the Nautilinidae of the Silurian the cephalopods of the 
Devonian branched out rapidly, continued increasing and diverg- 
ing in the later Paleozoic, and in the Mesozoic became highly spe- 
cialized and accelerated until their final extinction at the end of 
Cretaceous time. In the Jura these ammonites reached their acme, 
branching out into very many families and subfamilies, increasing 
usually in complexity of sutures and variety of ornamentation. 
In the Cretaceous they gradually declined, dropping off one at a 
time until all were gone. 

Only a few stocks persist in the Cretaceous, but from time to 
time during this period certain genera branch off from the main 
stock, become highly specialized and often give rise to so-called 
abnormal forms, phylogerontic or degenerate genera (retrogres- 
vsive), which do not perpetuate their race. These change their 
close coil, becoming straight as in Baculites, ascending spiral as 
Heteroceras (Fig. 106), hook-shaped as Hamites, or open-coiled 
gyroceran as Crioceras. These do not form a natural group, but 
are themselves in some cases polyphyletic, as is apparent from 
their ontogeny. 

The following table expresses in graphic form the evolution of 
the tetrabranchiates. 
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Siobclass Dibranchiata (Endocochlea) 

The dibranchiates may be diagnosed as follows: Active, un- 
armored cephalopods with two gills; funnel complete; ink-sac 
usually present; with six or eight (Octopoda), or ten (Decapoda) 
arms provided with suckers or hooks. The vestigial shell generally 
reduced and sometimes wanting, always internal. Relatively 
modern types. 

Belemnoids. — We cannot trace the evolution of the modernized 
dibranchiate cephalopods with the same assurance as that of the 
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tetrabranchiates, because of the gradually diminishing shell which 
reduces proportionately the chance for their preservation as fossils. 
Belemnoids are, however, well known and render possible an under- 
standing of the evolution of the shell. In 
this group, which is characteristic of the 
Mesozoic, the mantle had become more 
and more external to the shell so that the 
latter came to lie within its substance. 
Hence the shell has more the character of 
an internal skeleton than of a protective 
armor. The belemnoid shell (see Figs. 
107, 108) is straight, conical, and cham- 
bered; the septa are close to one another 
and are perforated toward the ventral side 
of the shell by a very slender siphuncle. 
The posteriorly directed apex of the shell, 
the phragmacone (see Fig. 108), is pro- 
tected by a calcareous sheath or guard, 
usually the only part preserved. The an- 
terior wall of the last chamber is prolonged 
forward on the dorsal side into a broad, 
thin process, the proostracum. Of these 
parts the phragmacone is of historical 
significance since it is clearly derivable 
from the shell of the Paleozoic ortho- 
cerids, out of which, in the early Trias- 
sic, the belemnoids arose. 

An interesting form is Spirula whose 
shell (shown in Fig. 108,D), coiled into a 
loose spiral, represents the phragmacone 
only, the rostrum having disappeared. 
Spirula was formerly supposed to be 
unique in being the only known sedentary cephalopod. Dur- 
ing the recent expedition of the ship Michael Sars,’’ however, 95 
living specimens were secured and their habits observed in an 
aquarium, with the result that, instead of being sedentary, Spirula 
is now seen to be pelagic, floating head downward and hovering 
in the intermediate depths far from the bottom. 

The Sepioidea, another group of Mesozoic dibranchiates, re- 
tained only the proostracum and the completely modified remnant 



Fig. 107. — Belemnoid 
shell. A, guard, part com- 
monly preserved. B, entire 
shell: e, embryonic or first 
shell; p, chambered phrag- 
macone, passing upward 
into the limy or chitinous 
phragmacone (ph)] po, pro- 
ostracum; T, solid guard or 
rostrum; cut to show phrag- 
macone. (After Steinmann, 
from vSchuchert's Historical 
Geology. ) 
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Fig. 108. — Diagrammatic sections of dibranchiate shells. A, Sepia; B, 
Belernnites; C, Spirulirostm; D, Spirilla; E, Onimastrephes; p, chambered 
phragmacene; po, prodstracum; t, rostrum. (After Lang.) 



Fig. 109. — Cuttle-fish, Sepia officinalis, discharging its protective cloud of 
ink. (After Doflein.) 
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of the phragmacone, which combined to form a wide and thick 
but very light and porous ^^bone/’ consisting of delicate plates of 
lime separated by vertical fibers. These shells are characteristic 
of the cuttle-fish, which range from the Jurassic (Oxford Clay) 
to the present. Some of the Upper Jurassic forms had a cuttle- 
bone at least two feet in length, indicating a creature from six to 
eight feet long (see Fig. 108, A). The proostracum, projecting 
toward the head of the Mesozoic squid, has become a structure 
known as the pen, and in some living genera such as Ommastrephes 
and Loligo the pen alone remains. 

The modern genus Architeuthis (Fig. 110), the giant squid, is the 
fitting culmination of this evolutionary line, for some of them are 
not only the largest of invert(d)rates, but, when measured to the tip 
of the extended tentacular arms, exceed the length of any known 



Fig. 110. — Giant squid; Architeuthis princeps. (After Vcrrill.) 


vertebrate except the larger whales and the amphibious dinosaurs. 
The body may be as large as a hogshead and the extreme length of 
body and tentacles may exceed half a hundred feet. 

Octopoda. — In the eight-armed dibranchiates the extreme of 
specialization is reached, for the internal shell has entirely disap- 
peared and but one of the groups, the female Argonauta (Fig. Ill) 
(the male (see Fig. 17) being shell-less), has anything comparable 
to such a structure. Here the unchambered shell is more in 
the nature of a brood chamber and as such not homologous 
with the shell either in the Decapoda nor yet in the tetrabran- 
chiate Cephalopoda. 

The fossil record of the Octopoda is almost entirely blank, hence 
their evolution may not be traced. The most ancient octopus, 
known as Calais^ comes from the Upper Cretaceous of Mount 
Lebanon, Syria, while the argonauts are unknown before the 
Tertiary . 



Fig. 112. — Swimming octopus, Octopus sp. (After Doflein.) 
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INSECTS 

Place in Nature. — As the cephalopods are the culmination of 
the evolution of the unsegmented invertebrates, so the insects can 
be considered the final evolutionary goal of those whose bodies 
are segmented, the so-called ‘^Articulates’^ of Cuvier. The most 
primitive members of this great group are of course the annelid 
worms, out of which there arose, some time in the remote past, the 
primitive Crustacea or trilobites and from this stock not only the 
later Crustacea but two phyla of air-breathing arthropods. The 
latter include the more remotely related arachnoids — scorpions, 
spiders, extinct Merostomata and the relic horseshoe crabs — not all 
of which, however, are air-breathing. The nearest allies to the 
insects, on the other hand, are the Myriapoda — millipeds and centi- 
peds, which, while of a lower order of development, show many 
features in common with the insects. 

Definition. — Insects may be defined as air-breathing arthropods 
in which the body is divided into three distinct regions, the head, 
thorax, and abdomen. There is a pair of legs borne upon each of 
the three segments of the thorax, and generally two pairs of wings, 
arising from segments two and three. The head, which shows no 
external trace of segmentation, bears a pair of feelers or antennae, 
compound and simple eyes, and three pairs of mouth parts — the 
mandibles and the first and second pair of maxillae — although the 
last are more or less united into a single organ, the labium or lower 
lip. The abdomen, consisting of eight or nine segments, is generally 
devoid of appendages in the adult. None of the insects are organi- 
cally united to each other, and but few are sedentary, although 
many are parasitic in habits and often degenerate. The sexes are 
entirely separate and the development of the young is often com- 
plicated by a more or less profound metamorphosis. 

Importance and Numbers. — From the standpoint of their im- 
portance, the insects may be placed next to mankind, the only pos- 
sible disputants being the ungulate mammals, whose significance 
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is not so much from the viewpoint of nature as from that of man; 
the insects, however, may be considered important from either 
point of view. 

Their numbers exceed computation, for Kellogg tells us that 
while there are less than 1000 different bird species in North Amer- 
ica, there are more than 10,000 known species of beetles alone, 
and the total number of named and described species of insects in 
the world is about 300,000. This is so far, however, from being the 
ultimate number which the world contains, especially in the teem- 
ing tropical forests, that L. O. Howard estimated them at perhaps 
3,500,000, and when one multiplies this number by the possible 
number of individuals of each kind, necessarily variable, he arrives 
at figures as incomprehensible as the years of geologic time. 

Weigh the importance of such an army from the standpoint of 
its devastation, for it lives on the country and every mouth must 
be filled many, many times! The tax imposed by the insects on 
mankind alone through their destruction of crops and of raw ma- 
terials and manufactured products — food, tobacco, drugs, leathers, 
textiles, buildings — amounts to untold millions of dollars each year. 
They are the only forms, of life which seriously threaten man’s 
earthly supremacy, and while individually their devastations are 
of little moment, collectively their constant attrition may ulti- 
mately effect local conquests in which man will have to confess 
himself beaten. 

In addition to the general destructiveness of insects we have to 
charge against their general account the direct sufferings of human- 
ity caused by insect-carried diseases, some of which are discussed 
in the chapter on parasitism, and these sufferings in many instances 
terminate only in death. But over against this terrible arraignment 
may be placed to their credit the direct aid of the beneficial insects 
in the fight against their noxious allies, and the very great service 
that many of them give in the pollenation and consequent fructi- 
fying of the plants, many of which, like the red clover, are impor- 
tant food crops for man or for his beasts. This pollenation has 
given rise to some intricate adaptations on the part of plants them- 
selves to insure the visits of the fertilizing insects and to enable the 
pollen to be obtained unconsciously in one flower and left where it 
will surely impregnate another. To these should be added those 
insects that are of direct benefit to man, such as the honey-bee^ 
cochineal and lac insects. 
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Habitat. — The habitat of the insects is as variable as one can 
conceive of, covering practically the entire range of animal en- 
vironment with the exception of the deep sea. Among free-living 
insects there are terrestrial ones, ranging from alpine wastes to the 
steaming tropical jungles, from the snowfields of the Arctic to the 
ever green forests beneath the equator, and from the driest deserts 
to the most humid regions of the world ; they range from the air to 
the waters under the earth, being found even on the ocean many 
miles from land, some surface dwellers, others subaquatic ; and they 
are miners and borers in wood, and inhabitants of the body of other 
animals, both within and without, man himself being tenanted by 
no fewer than a dozen, probably more, different species of insect 
parasites. 

Habits. — Insect habits cover a wider range than those of any 
other group, and the anatomical structure, especially of locomotive 
organs and mouth parts, varies astonishingly to suit the owner’s 
habits. It is futile to attempt to mention the habit variation at 
this place. 

Metamorphosis. — The fact that in many insects the growth to 
maturity is attended by a more or less profound alteration of the 
creature’s form, appearance, and habits, has already been men- 
tioned. In the lowest order, the Aptera or Thysanura, metamor- 
phosis has not yet been acquired, the creature being, at the time 
of hatching, a miniature replica of its wingless parents. In winged 
forms, on the other hand, as these useful structures are confined to 
the adult stage, there is the change from the wingless to the winged 
condition. Again, in the lower orders where no special type of larva 
has been evolved to meet peculiar life conditions, the metamor- 
phosis, such as it is, may be said to be incomplete or gradual, for 
the young are readily recognized as offspring of their parents; and 
the wings, at first lacking, grow with successive molts until at the 
last they become functional. Aside from the acquirement of the 
power of flight, there is therefore no abrupt or decided change in 
the appearance of the animal. Hence the term larva, which always 
implies some modification or structure which the adult does not 
possess, cannot properly be applied to the young of these forms, 
and they are known as nymphs. 

In higher insects, where such larval characters have been ac- 
quired, there is no external trace of wings throughout the adolescent 
life, then comes a remarkable stage interpolated into the life cycle, 
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during which the insect is generally quiescent and is undergoing 
its profound change into the form and condition of an adult. 
In this, the pupa or chrysalis stage, the future external organs — 
antennae, wings, legs — may be externally manifest, reminding one 
of an Egyptian mummy case upon which are moulded and painted 
the features and something of the form of its silent occupant. The 
emergence from the pupa skin is almost like a resurrection, for the 
creature now comes forth glorified and resplendent to wing its way 
through the air, whereas before it was a creeping, earth-borne form. 
The several stages are: 


Egg 

1 Adolescent | 

Adult 

Where metamorphosis is gradual 

Egg 

1 Nymph | 

Imago 

Where metamorphosis is complete 

Egg 

1 Larva Pupa | 

Imago 


Flight is never acquired in existing insects before the imago state 
is reached, when the individual, whatever its size, is full grown 
and after which it ceases to molt. The only apparent exception 
to this rule is in the May-flies (Ephemerida) in which the creature 
emerges from its aquatic home, molts, spreads some very imperfect 
wings, flies to the nearest support and molts again, this time de- 
veloping perfect wings with full powers of flight. This temporary 
flying condition is known as the subimago stage, and is really 
comparable to the last nymphal stage in other insects wherein 
the wings are present and rather large but not yet functional. 

Classification. — A brief r6sum6 of insect classification is neces- 
sary to our further study, but while specialists would divide the 
group into more than twenty orders, a more general grouping 
into nine will serve our purpose. 

A. With no metamorphosis 

Order 1. Thysanura or Aptera. — Wingless insects with the body cov- 
ered with scales or hairs. Eyes either absent, simple in groups, or com- 
pound. Some run, others progress by means of a springing apparatus on 
the abdomen. Examples: the springtails (Podura) and silverfish (Lepisma), 

B. With incomplete metamorphosis 

Order 2. Orthoptera. Insects with two pairs of wings of which the 
anterior pair are generally parchment-like (tegmina), the posterior ones 
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membranous. Mouth mandibulate, that is, with the normal insect jaws, 
fitted for chewing. This order includes the earwigs, cockroaches, stick 
and leaf insects, grasshoppers, and locusts. 

Order 3. Pseudoneuroptera. Insects with two pairs of similar, net- 
veined, membranous wings. Mouth mandibulate. Includes the termites 
or “white ants,’^ May-flies, dragon-flies, etc. 

Order 4. Hemiptera. Insects in which the wings are usually present 
and are sometimes similar and membranous, again dissimilar, the forward 
pair having thickened bases and membranous extremities which overlap 
(hemelytra). Mouth haustellate, f. e., sucking, consisting of a rostrum 
enclosing the jaws, which are modified as piercing organs. This order in- 
cludes the bugs, lice, scale insects, plant-lice or aphids, and cicadas. 

C. With complete rnelamorphosis 

Order 5. Neuroptera. Similar to the Pseudoneuroptera, except that 
the metamorphosis is complete. Formerly included that order under the 
present name. Examples: ant-lions, aphis-lions, and caddice-flies. 

Order 6. Lepidoptera. With two pairs of well-develoi)ed wings which 
are covered with scales. Mouth haustellate as adult, mandibulate as 
larvsD. Butterflies and moths. 

Order 7. Coleoptera. Insects with dissimilar wings, the anterior pair 
being in the form of horny elytra, the posterior pair membranous. Mouth 
mandibulate. Beetles. 

Order 8. Diptera. Winged or wingless (fleas) insects, the former hav- 
ing but a single pair of membranous wings, the hinder ones being repre- 
sented by a pair of knobbed balancers or halteres. Mouth haustellate. 
Here are included the flies, fleas, and certain degraded, tick-like, wingless 
flies. 

Order 9. Hymenoptera. Inflects which generally possess two pairs of 
similar and membranous wings. Mouth mandibulate or haustellate (lick- 
ing). Includes the bees, wasps, ants, gall- and ichneumon- (parasitic) flies- 

Adaptive Radiation of Insects 

The law of adaptive radiation (see Chapter XVIII), which 
was originally applied to the mammals, is eciually applicable to 
the reptiles on the one hand and to the insects on the other. There 
is, however, this difference in the insects, that while the primitive 
stock was undoubtedly terrestrial, as in the two vertebrate groups, 
most insects have passed through a volant or aerial stage. This 
volant stage, while it has also developed both in mammals and 
in reptiles, is confined to relatively few forms, none of which, once 
having attained it, has ever retrogressed. The insects above the 
Aptera, therefore, are in a sense more comparable to the birds 
in that practically all fly, and those which do not, come from a 
volant ancestry and have lost their wings through specialization. 
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On the other hand, the birds are hardly comparable to insects in 
the extent or range of their adaptation. 

DIAGRAM SHOWING ADAPTIVE RADIATION OF INSECTS 
Cursorial Volant 

lioaclics All but Ajylcra, especially 



Beetles and bugs Many larva: of beetles and 

Many nymphs of cicadas, but especially mole 

Pse udoi leuroptera cricket s 

OMd young of Dlpfiera 


Primitive Stock. — The simplest living insects are undoubtedly 
the Aptera (Thysanura), for here alone we have primarily flight- 
less forms, shown not only by the total abseiuai 
of wings within the order, but also by the sim- 
plicity of the thorax and its musculature as 
compared with secondarily flightless forms, since 
hc^re we find the three segments of the thorax 
separate and not fused (Fig. 113). These forms 
are not known fossil before Carboniferous time 
(Dasypeltiis) f but there has be(*ri little change 
from that day until the present, and this argues 
for their high antiquity. In the more generalized 
flying insects the first segment or prothorax 
alone is free, whereas in the higher forms — 

Hyrnenoptera, Lepidoptera, Diptera — all three 
segments are united into a firm box wherein the 
wonderful motor organs reach their highest Fig. 113.— Fish- 
development. 

^ (Irom J. B. Smith s 

Cursorial and Saltatonal Adaptation. — Curso- Economic Enuy 

rial forms are represented by the cockroaches moiogy.) 
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among ancient types, and although many of their allies to-day 
have departed from the more primitive cursorial gait and have 
become leaping or saltatorial forms, as in the grasshoppers and 
crickets, speed of movement is characteristic of both. Among the 
Orthoptera the cursorial gait was prevalent during the Paleozoic, 
leaping forms being unknown before Lower Jurassic (Lias) time. 
Among the ancient cursores more than two hundred species of 
roaches have been described from the Paleozoic, some of them of 
gigantic size. 

Certain beetles, notably the ground beetles, Carabidse, and the 
tiger beetles or Cicindelidae, are cursorial. The latter especially 
are the most agile of all beetles and are not only swift of foot, but 
are also able to fly well. They are gracefully formed and beautifully 
colored and, as one would expect, are predaceous forms of high 
economic value through their destruction of noxious insects. 
The ground beetles are a large group almost all of which are preda- 
ceous in habits, either springing upon their prey or capturing them 
by chase. 

Many of the Hymenoptera are also speedy, especially the true 
ants and the so-called velvet-ants (Mutillidae) which are in reality 
wasps. Here the male flics, but the female is 
wingless, very swift in her movements, a power- 
ful stinger, and warningly colored in scarlet and 
black. The true ants which, with the exception 
of the sexed individuals, have also lost the 
power of flight, make up for it by the rapidity of 
their movements. Speed adaptation is shown in 
all of these forms by the graceful bodies and 
slender limbs, in sharp contrast to certain of 
their non-cursorial allies, such, for instance, as 
the heavy-bodied boring and scaraboid beetles, 
and the bumblebees. 

Fossorial Adaptation. — Fossorial insects are 
many, some digging for retreat as in many wasps 
Fig. 114 . -Fos- others merely for nest-building to pro- 

sorial mole-cricket, vide safe asylum for the eggs and helpless 
GrylloUiJ^a horeahs. young. Others, like the larvse of the leaf-chafers 
ter omstoc .) Japanese and May beetles, etc.), are 

entirely subterranean and as ‘‘white grubs take a substantial 
underground toll of the farmers^ crops. 
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The fossorial insect par excellence, however, is the mole-cricket 
(Gryllotalpa) which in its habits and appearance simulates quite 
closely the common garden mole. The body, while long and rather 
slender for a cricket, is on the whole spindle-shaped, the small head 
forming a good entering angle, offering but little obstruction to 
passage through the soil. The fore limbs in particular are mole-like, 
broadened, the tibise being expanded and spined in such a way as to 
be most effective digging organs. In their broad sidewise sweep 
they resemble the mole^s hands in action, and, like the mole, the 
cricket’s movements can be detected as he progresses just beneath 
the surface (see Fig. 114). 

Aquatic Adaptation. — There are many different adaptations to 
aquatic life among insects, some of which apply only to the adoles- 
cent life, others to the entire insect career, and the adaptations 
include not only locomotor devices, but special respiratory struc- 
tures whereby what are primarily air-breathing forms have become 
able to utilize the air dissolved in the water. These structures, as 
we shall see, are of greater significance than their present use im- 
plies, for it is believed that out of such structures the insect wing 
evolved (see page 416). 

The aquatic groups may be sumrnarized as in the table on 
the following page (adapted from Comstock) : 
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Adolescent 

Adult 

Pseudoneuroptera 


Aerial 

Ephernerida, May-flies 

Aquatic | 

Odonata, dragon-flies 

<< 

(( 

Plecoptera, stone-flies 

li 

i 

! 

Hemiptera 


Aquatic 

Corisidae, water boatmen 

{{ 

Notoncctidae, back-swimmers 

tt 

it 

Nepidie, water scorpions 

ff 

tt 

Belostomidae, giant water bugs 

(C 

tt 

Naucoridte, creeping water bugs 

il 

tt 

VeliidiP, water striders 

n 

ft 

Hydrobatidai, water striders 

tt 

it 

Neuroptera 



Sialid;e, dobson, etc. 

tt 

Aerial 

Plirygancida', caddice-flies 

tt 

tt 

Coleoptera 



Haliplidae, haliplids 

tt 

Aquatic 

Dytiscida^, predaceous diving beetles 

tt 


Gyrinida), whirligig beetles 

tt 

tt 

Hydrophilida^ water scavengers 

tt 

tt 

Diptera 



Blepharoceridae, net-winged midges 

tt 

Aerial 

Culicid®, mosquitoes 

tt 

tt 

Sirnuliid®, black flies 

tt 

tt 

Ephydrin® 

In marine or 
alkaline waters 

tt 


In the more generalized insects whose young are aquatic, this 
adaptation may perhaps be looked upon as a primitive condition; 
among the flies, on the other hand, it may well be a secondary 
adaptation. There is apparently no insect that is aquatic as an 
adult only. 

Of the aquatic modifications, the first to be considered is the 
means of respiration. As we have seen, the respiratory organs of 
the spiders, myriapods, and insects consist of branching air tubes 
known as tracdiese which have their origin in symmetrically ar- 
ranged apertures, the stigmata, through which free air is admitted 
to the system. There are generally a pair of principal longitudinal 
trunks from which short tubes pass to the stigmata. From them 
there also arise other branches (see Fig. 12) which divide and divide 
again until they end in tubes of capillary fineness which are found 
in all of the tissues of the body. 

Usually among animals the blood or its equivalent is the oxygen- 
carrying medium, receiving it from the respiratory organs (external 
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respiration) and delivering it to the tissues (internal respiration), 
the oxygen being carried in chemical union with an iron compound, 
haemoglobin, in which case the blood is red, or with a compound 
of copper, haomocyanin, which gives a faint bluish tinge or none 
at all to the blood. With the tracheates the blood has no respira- 
tory function, the air being carried bodily wherever it is needed by 
the tracheal tubes which, in common with other respiratoiy de- 
vices, are merely a complicated infolding of the body-wall. 

Aquatic insects breathe by one of two gcaieral means, either by 
air reservoirs or by tracheal gills. In certain insects which, like 
the water bugs or water beetles, are aquatic throughout their life, 
the abdomen is flattened on its dorsal surface, but the forward 
wings are arched in such a way that a space of considerable size is 
left into which the tracheae open. The insect, which requires but 
little air compared with a vertebrate, comes to the surface from 
time to time, protrudes the end of its abdomen, raises the wing 
tips slightly, and thus renews the air in its reservoir. But the 
young of these same insects have no wings, so another method 
must be adopted to take the place of the reservoir, and this is 
done by having the body clothed with hair in which air becomes 
entangled, being separated from the surrounding water by the so- 
called capillary film in the form of an air bubble. From time to 
time the insect can come to the surface and renew the air, but in 
well aerated water this is not so necessary as with the winged form, 
for oxygen passes inward and carbonic acid gas outward through 
the capillary film by osmosis, that process by whi(;h gases or other 
substances on either side of a film or membrane are equalized. 

Tracheal gills (see Fig. 115) are leaf- or hair-like outward exten- 
sions of the body-wall, arising from a stigma, the trachem being 
continued into them and branching out like the veins of a leaf. 
The air within is now in osmotic relationship with the surrounding 
water which bathes the gill, and as before the mutual exchange 
of gases is effected. Respiratory movements keep up an inter- 
change of air from the gills to the bodily tracheae and by the rhyth- 
mic waving of the former or by motions of the insect^s body the 
water immediately surrounding the gill is renewed. In the May-fly 
nymphs the gills are arranged in pairs along the sides of the abdo- 
men, a pair to each of the several stigmata; in the stone-flies they 
lie, as they rarely do, on the sides of the thorax at the base of the 
limbs. In the sm.aller dragon-flies, Agrioninae, the gills are leaf-like 
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expansions borne at the end of the body. These subserve not only 
their prime function of respiration but, as with a caudal fin, the 
secondary one of locomotion as well. The larger dragon-flies, 
Libellulime, differ in not having external gills, but an internal one, 
in that the rectum, the posterior portion of the alimentary canal, 
with its walls filled with trachcsB, functions as such. Here rhyth- 
mic contraction and relaxation of the muscles causes a tidal ebb 


■ 


and flow of water through the anal aperture, bringing the fresh 
supply of oxygen and removing the effete material. Incidentally 
this structure also becomes a locomotor organ, for the forcible 

expulsion of the water from ' the 
rectum drives the creatures for- 
ward by a method of jet-propulsion 
— comparable to that seen in the 
squid. 

The combination of respiratory 
and locomotive function in the 
tracheal gill is significant, as these 
structures, especially such as are 
seen in the May-fly nymphs, are 
thought to represent the prototype 
^ of the insect wing (see page 417). 

Aside from the breathing devices. 

Fig. 115 .— May-fly larva, show- the body and limbs also show 

ing tracheal gills, fore wing; aquatic modifications, especially 

hind wing; tracheal gill; t, ^j^en the creature is nektonic. In 
tracheal tubes. (After Lang, from » 

Parker and Haswell.) ^ bottom-clinging form no special 

aquatic adaptation is necessary, 
but the predaceous diving beetles and the back-swimmers and 
water boatmen among the bugs show more or less physical con- 
formity to the needs of the environment, with stream-line bodies 
which bear no unnecessary projections. They do not, perhaps, 
follow the numerical lines to the extent that the fishes do, but 
sufficiently so for small, not over-swift craft. The limbs often show 
oar-like expansions whose extent is sometimes increased by lateral 
fringes of hair; propulsion, if not by tracheal gills or the rectum, 
is invariably by means of the limbs and, as among aquatic reptiles 
and mammals when this is the case, the rate of speed is necessarily 
limited. Perhaps the larger dragon-fly nymphs which sweep the 
limbs backward simultaneously with the drive of the rectal jet 
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are araong the most rapid insect swimmers for a short distance. 
Add to this a remarkable extensile labium for grasping their prey 
and their efficiency is as great in its way as that of the magnificent 
adult. The nymphs are generally protectively colored so that their 
quick dart from obscurity must make them highly successful in 
the struggle for existence. Among the most interesting of aquatic 
insects are the caddice-worms, larvae of the caddice-flies and be- 
longing to the true Neuroptera, yet probably ancestrally related 
to the butterflies and moths as well. The adult is a small nocturnal 
insect, of somber hue, looking when at rest not unlike a night- 
flying moth. The wings are clothed with hairs, 
not scales as in the Lepidoptera, but these 
scales are in turn modified hairs, which 
among other things makes the above-men- 
tioned relationship plausible. The larvae are 
caterpillar-like, the elongated abdomen being 
decked with tufts of hair-like tracheal gills. In- 
stead of exposing its tender body to the vicis- 
situdes of aquatic life the creature makes for 
itself a tubular house within which it lives and 
from which its head and limbed thorax may 
be protruded for locomotive purposes. These 
houses vary in building material as well as in 
architectural design, being formed of tiny bits 



Fig. 116 .— Water 
beetle, Hydrophihis 
triangularis. (After 


of twigs or leaves, or of sand grains or even Bruner, from J. B 


minute pebbles, the twigs sometimes laid Smith's, Economic 
lengthwise, again after the mariner of a 
pioneer^s log cabin. The creatures themselves are carnivorous and 
occasionally spin a web athwart the current of the stream, like a 
tiny fisherman’s net, and lie in wait as a spider does for such unfor- 
tunates as chance provides for food. 

Aerial adaptation is so universal an insect characteristic that but 
few forms need be mentioned as of particular interest in this re- 
gard The powers of flight among insects vary astonishingly. Some 
are slow, bungling fliers, as certain of the Lepidoptera or flies; 
others, like the larger dragon-flies, are tirelessly on the wing and the 
rapidity of their movement has given them a number of colloquial 
names, such as arrows, devil’s darning needles, snake doctors, and 
spindles, and this and their general conspicuousness have given 
them a wholly undeserved disrepute. Certain flies are also im^ 
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mensely speedy, their compact thorax, powerful musculature and 
single pair of very efficient wings serving to drive them at a rate 
which, in proportion to their size, is truly remarkable. Thus the 
horse-fly is able to outstrip the swiftest horse. The rate of vibra- 
tion of the common house-fly’s wings, which produce approximately 
the sound of F, has been computed to be about 21,000 times a 
minute or 335 times a second, and these figures have been con- 
firmed graphically by Marey, who found that the fly actually 
makes 330 wing strokes a second (Packard). 

The wings of insects are never homologous with those of the sev- 
eral vertebrates which have attained flight, the pterosaurs, birds, 
and bats, for here the wing is always a modified fore limb, whereas 
in the insect it is merely an expanded and highly modified portion 
of the body- wall (see Fig. 12). The wings of the ancient insects 
such as the Paleozoic cockroaches were more horny and that is 
still true of the fore wings of the lowlier orders, Orthoptera, 
Hemiptera, and Coleoptera. Secondarily they became membra- 
nous, and finally, the complex organ in its venation and embellish- 
ment that we find in the higher types. Insects’ wings also differ 
from those of the vertebrate in their flatness, for the upper and 
lower surface, with the exception of the beetles’ horny fore wings or 
elytra, are practically the same, whereas in the bird especially the 
upper surface is convex and the lower one concave. The motion 
described by the wing also differs, for that of the insect moves in a 
figure 8, while the bird’s motion is simpler. This may be due to the 
form of the wing which when vibrated bends in such a way as to 
describe that curve, or may be due to the method of articulation 
of the wing with the body. In many heavier insects like the beetle 
the creature is like a biplane, the wings being quite separate, and 
in some instances the elytra are not vibrated at all but are merely 
supporting planes, the hinder membranous wings constituting the 
motive power. Again, as in the bees, the fore and hind wings are 
articulated together by a series of hooks so that they move as one. 
It is notable that among the swiftest insects, the flies, the creatures 
are monoplanes, which is equally true of man-made flying ma- 
chines. 

The origin of flight in insects is not surely known. Gegenbaur would 
derive the wings from the leaf-like tracheal gills of which we have spoken. 
There is, however, no insect known in which such a gill may be seen in a 
transitional state of development into a wing, and between the largest 
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and most efficient gill and the smallest structure which could possibly 
support the creature in flight there is a material gap. Some intermediate 
function between respiration and flight seems necessary. We can imagine 
an overlapping of functions, but it is difficult to conceive of the progressive 
development of a temporarily useless organ, unless by the unproved theory 
of orthogenesis or the occurrence of brusque mutations to close the gap. 

Anotlier theory of origin of wings, however, seems to bear the confirma- 
tion of paleontology. In Carboniferous and some Permian insects all 
tliree thoracic segments are more or less alike and the prothorax does not 
show tlie various degrees of specialization seen in later forms. But what 
is even moi-e significant is the presence of lateral outgrowtlis on the first 
thoracic segment which resemble small wings (see Fig. 120, A). So many 
unrelated Paleozoic groups display these wing-flaps that it seems likely 
that such structures were present in the ancestors of all flying insects. In 
all probability similar flaps were present on all three segments and for 
some reason only those of the second and third segments developed into 
functional wings while those of the first, after persisting for a while, 
gradually disappeared as aborted structures. Certain modern insects 
show a similar tendency; diminishing the second paii’ of wings which in 
their ance^dors were nearly or quite equal in size to the first pair. This is 
true of the May-flies, the dragon-flies, and those of the llymenoptera in 
which the rcdu(*nd hind wings are articulated to the fore wings so that 
both a(‘t as one. The tendency culminates in the true flies or Diptera in 
vvhich mere vestiges of the hind wings remain. This does not in the least 
impair the function of flight, for the flies are among the swiftest of insects. 
An analogy with the development of the airplane may be seen, for both 
tlie insect and machine were at first biplanes, the function of support 
being assumed by a single surface, until the condition of a monoplane has 
been reached. But here the analogy ceases, for in the insect the functions 
of support and propulsion are combined in the same organs but are sepa- 
rated in the plane. 

The development of flight among insects implies therefore, first, 
a departure from the old terrestrial habitat into the water. If this 
were done by a small insect, which was probably the case, the only 
adjustment necessary would be a reduction in the thickness and 
firmness of the cuticle so that the entire body might subserve the 
respiratory function. The insect was doubtless one of those living 
in damp situations, such as the present-day Thysanura (Aptera). 
These forms have retained the ancient habitat and probably have 
persisted with little change from remote geologic time. With in- 
crease in size and consequent muscular development, however, 
came a thickening of the cuticle and a consequent localization of 
the respiratory function. Gills arose through a necessary increase 
of respiratory surface, resulting in outpushings of the thinner por- 
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tions of the body-wall. These, which may be called blood gills, 
served to aerate the blood directly through their surface. Their 
subsequent invasion by trachese followed, so that the blood merely 
acted as an intermediary between the tracheal air and that in the 
surrounding water, and finally the tracheal gill was perfected. Next 
came the differentiation of the gill into a respiratory and a protec- 
tive part, the latter becoming movably articulated with the body to 
aid in renewing the water over the respiratory gill. The subsequent 
enlargement of the gill-cover to embrace several gills, the suppres- 
sion of the latter when, at the last molt, the creature reemerged 
on land as an adult, the use of gill-covers as imperfect wings, and 
their final perfection as organs of flight complete the process. This 
implies of course a single evolution of flight on the part of a primi- 
tive insect out of which all of the orders, except the Aptera, have 
subsequently arisen. 

Other theories of wing origin have been proposed, such as lateral 
expansions of the dorsal wall of the thorax, which served first as 
airplanes for a leaping form, and subsequently became hinged 
and muscled; but the theory of the tracheal gill origin seems to have 
the weight of evidence in its favor. 

Geological History 

Ancestral Stock. — Handlirsch has demonstrated the primitive 
character of the trilobites (see Fig. 117), Paleozoic arthropods the 
true position of which was long in doubt and which he holds to have 
been the original stock out of which arose as independent phyla 
the various arthropodan classes. Out of the trilobites the Crus- 
tacea were first differentiated, and from this line arose, in the 
course of time, all of the gill-breathing shrimp- and crab-like forms, 
together with hosts of lesser allied creatures whose descendants 
teem in the fresh and salt waters of to-day. 

Of the arachnoids, the scorpions also arose from the trilobites 
through an intermediate eurypteroid ancestry, of which a lone 
survivor, Limulus, yet lives — the only living gill-breathing rep- 
resentative of the class. The ancient eurypterids of the Ordo- 
vician and Silurian (see Chapter XXVIII) were also related 
to the limuloids, but like the vast majority of the latter they 
have entirely ceased to be. Scorpions are especially noteworthy, 
for specimens of Pabeophonus found in the Silurian rocks of 
Scotland and England, and Proscorpius from the Silurian of 



INSECTS 


419 


1 . 2 . 



Fig. 117. — Trilobite, Triarthrus hecki, restored. 1, dorsal, 2, ventral aspect. 
Twice natural size. (After Beecher.) 


New York are the first recorded relics of air-breathing animals 
(see Fig. 118). 

The myriapods are seemingly difficult of derivation from the 
trilobites and yet there are certain Carboniferous myriapod-like 
forms which suggest relationships between the two groups even 
here. 

Handlirsch would derive winged insects directly out of the 
trilobites, setting aside the primitive Aptera as degenerate forms. 
There seem to be many difficulties, however, in the way of this 
assumption, even with the Aptera as an intermediate stage. G. C. 
Crampton, although using but a single structure, the mandible, by 
way of evidence, proves, nevertheless, that a great many interven- 
ing stages must have existed between the rather complex structure 
in the trilobite and its simple homologue in the insect. His hypo- 
thetical ancestor stock is therefore truly crustacean, ^^anatomically 
intermediate between the Mysidacea on the one side and the 
Syncarida on the other. . . . Starting from this common source, 
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the lines of descent of the Insecta were paralleled on one side 
by the ^higher’ Crustacea and on the other by the lines of descent 

of the Symphylo- 
Pauropoda ’ ^ (myria- 
pods). He further 
concludes that the 
Crustacea not only 
approach closely to 
the insectan type, but 
that they also furnish 
us with a long series 
of intermediate stages 
connecting the insect 
types of structure 
with the lower arthro- 
pods, such as the 
trilobites. 

Primal Insects. — 

The Palaeodictyoptera 
were the most primi- 
tive winged insects. 



Fig. 118. — Silurian scorpions, restored. A, Palx^ 
ophonus nuncius, dorsal aspect; B, P. hunteri, ven- 
tral view. (After Pocock, from Schuchert's Histori- 
cal Geology.) 


These appear first in the Carboniferous and are thus described: 
Insects of primitive organization, with a relatively small head 
bearing masticating mouth parts. The 
three thoracic segments were similar, the 
second and third bearing nearly equiva- 
lent wings, the venation of which was 
primitive. These wings were apparently 
incapable of being folded backward over 
the abdomen, their motion being limited 
to the vertical plane. In addition to these 
wings, another pair, rudimentary in char- 
acter, were sometimes borne on the first 
thoracic segment. The abdomen con- 
sisted of ten similar segments which often 
bore lateral lobes, sometimes serving as 
tracheal gills (see page 414), in addition to 
which a pair of long cerci were borne on the 
terminal segment (see Fig. 120). The legs, of which there were the 
normal insect number of six, were similar and adapted for walking. 



Fig. 119. — Primitive trilo- 
bite, JEglina prisca, Ordovi- 
cian, Bohemia. A, right side; 
B, dorsal view. Enlarged. 
(After Barrande, from East- 
man-Zittel.) 
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These archaic insects were probably all carnivorous, their young 
being aquatic in habit and developing into the adult state without 
a complete metamorphosis, that is, without a quiescent pupa 
stage (see page 407). 

Transitional Orders. — The Carboniferous saw the rise and pass- 
ing of this group and also the origin from certain of its members 
of the varied transitional 
types which were in turn 
to evolve into the modern 
orders. These were also 
comprehensive or synthetic 
types, combining in certain 
instances the character- 
istics of the several orders 
to which they eventually 
gave rise. Such, for in- 
stance, were the Protodo- 
nata, intermediate be- 
tween the Palaeodictyop- 
tera and the Orthoptera 
or dragon-flies, the Prote- 
phemerida, leading to the 
Ephemerida or May-flies; 
the Protorthoptera, ances- 
tral to the Orthoptera, the 
grasshoppers, crickets and 
the related phasmids, ear- 
wigs and the like. Another 
of these transitional groups 
was the Protoblattoidea, 
primitive roach-like forms 
ancestral to the cock- lobata, and B, EubUptus danielsi, primal 
roaches (see Fig. 121), ter- 
mites, book-lice, bird-lice, 

and beetles. The other familiar orders such as the Hemiptera or 
bugs, the Hymenoptera or bees and ants, the Lepidoptera or 
moths and butterflies, and the Diptera or flies, are of later origin, 
although from the same Carboniferous Palaeodictyopteran stock. 

All of the Paleozoic insects were large, and this was especially 
true of those of the Carboniferous, for a cockroach of the Middle 
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Carboniferous was as long as one^s finger; while certain dragon- 
flies attained a wing-spread of 29 inches. Large size usually ac- 
companies lack of other specialization, and so it was with these 
creatures, all of which were of relatively simple carnivorous habits, 
with adaptations showing as yet none of the intricate detail which 
characterizes the insects of to-day. All were voiceless, none had 
special larva or pupa forms, but in the fern-like venation of the 
wings of the roaches, for instance, the first tendency toward pro- 
tective mimicry is seen. 

All plant nature at this time was monotonous and the insects 
reflect the aspect of the period. Not all, however, were amphibious, 

for in certain of the transitional 
orders, Protorthoptera, Proto- 
blattoidea, etc., the ancestral 
waters had already been for- 
saken even by the young. Thus 
the insects parallel the emergence 
and evolution of the contempo- 
rary vertebrates, the amphibi- 
ans and reptiles (see Chapter 
XXIX). 

During Carboniferous time, 
the climate was mild and humid. 
Fig. 121 . — Eucaenus ovalis, ancestral with no dry seasons nor cold win- 
cockroach. (After Handlirsch.) periodical cessation 

of insect development. This climatic condition is attested by the 
fact that none of the trees of this time show annual rings of growth. 
Hence the insect activity was continuous and no adaptations to 
withstand periods of inclemency were necessary. With the Per- 
mian, however, came aridity of increasing severity, and glacial 
conditions of an austerity even greater than that of the Glacial 
period of the Pleistocene. This meant a profound alteration of the 
face of nature, not only of the plants but of the animals as well. Its 
influence on the vertebrates will be discussed later (see Epilogue), 
but its effect on the insects was also profound in that it meant 
a large destruction of such of the primitive forms as were not adapt- 
able, and the modification of such as were. It was probably only 
in the more favored localities that even such survivals could occur. 

Mesozoic Insects. — During the Permian and Lower Triassic, 
insects were relatively rare, as their great scarcity in the deposits 
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of those times would imply. When they again appeared the old 
transitional groups had given way to the modern orders, many of 
which had acquired the complete metamorphosis with an adaptive 
resting or pupal stage. This stage may well have arisen as a re- 
sponse to periodic inclemency, but it made possible the profound 
reorganization which the insects of complete metamorphosis 
undergo, and the consequent remarkable adaptations of so many 
of ihe modern adults. Thus it was in the Trias that the first in- 
sects with complete metamorphoses appeared, including the first 
true beetles, some of which forsook the universal carnivorous 
habits of their Paleozoic ancestry and fed upon wood. 

In the laas or lowermost Jurassic, the remains of fossil insects 
again become abundant, many of them reminding one strongly 
of modern forms and showing in some instances adaptation to a 
plant diet. In the Middle Jurassic (Dogger) occur the first I.epi- 
doptera and in the Malm (Upper Jurassic) the first Hymenop- 
tera. These were probably plant-feeders, but owing to the absence 
of flowers none could have had the honey-feeding habits of their 
descendants. 

Higher Orders. — The Cretaceous, however, saw the great devel- 
opment of the dicotyledon flora which before its close had be- 
come essentially modernized, so much so that the trees and flowers 
would probably have had a very familiar look even to our modern 
eyes. This change had a wonderful effect upon the insect hosts, 
for flower-feeding forms were now possible and through mutual 
interdependence the insects must in turn have stimulated the rapid 
evolution of floral adaptation. 

Tertiary Insects. — With the coming of the Tertiary the entomo- 
logical aspect of nature again changes and there appear all of the 
higher orders in contrast with those of the Lias. Now for the first 
time occur the social insects — termites, ants, bees, and wasps — 
as well as the insect parasites of warm-blooded animals. The 
development of insects during and since the Tertiary has been 
along the lines of marvellous increase in the number of species, 
high specialization, small size, parasitism, and communal life. 

Summary. — Three great events of geologic history stand out 
as the impelling forces of insect evolution. The primal cause for 
the origin of insects from their trilobite ancestry was the great 
development of the land flora and fauna in the Silurian and more 
especially in the Devonian. The Paleozoic insects of primitive or 
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transitional types thus arose and flourished but with conserva- 
tivencss, except for size, until the second profound event occurred. 

This second cause was the great climatic change in the Permian, 
which eliminated so many of the archaic forms and introduced a 
new condition, that of complete metamorphosis with its attendant 
chain of possibilities, into many of such as survived. 

The appearance of flowering plants in the Cretaceous completed 
the work and there were consequently evolved into being the 
higher orders which are so largely dependent upon flowers or 
flowering plants, cither directly or indirectly, for their sustenance. 
Thus, as Handlirsch says: “Through the study of the paleontology 
of insects we again see clearly how great was the influence of the 
changes in the outer living conditions on the origin of new forms, 
and we see further that the environmental conditions led ofttimes 
to a remarkably rapid differentiation. 
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CHAPTER XXVIII 


ORIGIN OF VERTEBRATES 

We have in the two preceding chapters discussed the evolution 
of two of the three great lines of descent which the animal kingdom 
includes. The third line, that of the vertebrates, is to be the sub- 
ject of our research from now on, to enable us to comprehend in 
full the place in nature held by mankind. 

Definition of a Vertebrate 

Notochord. — Vertebrates, or to use the more comprehensive 
term, chordates, have several diagnostic characters which are ab - 
separating them sharply from all other forms 
of life. Of these, the first is the possession of a notochord (Gr. 
vcoTos, back, and xop^v, cord). This is an internal axial stiffen- 
ing running lengthwise of the trunk and serving to resist the bodily 
shortening which the contraction of the muscles would otherwise 
cause. In its most primitive form the notochord is membranous, 
composed of cellular connective tissue, the cavities of which are 
so distended with fluid as to render the whole structure turgid, re- 
sistant to pressure, but highly elastic. Later the notochord becomes 
cartilaginous, to be replaced in higher forms by the bony verte- 
bral column consisting of a number of short but often complex ver- 
tebrse separated, for mobility, by cartilaginous intervertebral discs. 

Perforated Pharynx. — The development of apertures known as 
gill-slits through the walls of the pharynx or throat cavity is the 
second chordate character. These vary in number from a pair to 
more than a hundred (Amphioxus) and are always present, but by 
no means always retain their ancient respiratory function, for with 
ourselves and other mammals, the slits, of which there are several 
pairs in the embryo, are reduced in number until but one pair is 
left and these form the eustachian tubes which serve to equalize 
the air pressure on either side of the ear drum by connecting the 
middle ear with the cavity of the throat. 

Neurocoele. — The third diagnostic character is a hollow nerve 
cord, the so-called spinal cord, which lies immediately above the 
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notochord or the vertebral column. This may be a very simple 
structure, or again its anterior portion may increase and develop 
until in its highest expression, the human brain, it has formed 
what is probably the most intricate thing in nature. In every case, 
however simple or complex it may be, the internal canal or neuro- 
coele persists, though exceptions may be said to exist in the tuni- 
cates or sea-squirts, which are striking examples of degeneracy 
resulting from sedentary life (see page 434). In them the active 
larva has a nervous system which conforms to our definition, but 



Fig. 122. — Diagram of Arnphioxus. A, anterior end, P, posterior end. an^ 
anus; atr^ atrium; atrp, atriopore; 6r, brain; cc, central canal (ncuroccele); cir, 
cirri; ccely ccelome or body cavity; gs, gill slits; mi, intestine; I, liver; m, muscle 
bands (myomeres); mth, mouth; nch, notochord; olf, olfactory pit; ph, phar 5 mx, 
spc, spinal cord. (After Parker and Haswell.) 

in the adult it is reduced to a single ganglion, or mass of nerve 
matter, with no trace of the neurocoele. 

Other Characters. — Other distinctive features are usually shown 
by chordates. They are generally segmented, the segmentation 
showing in the nervous system, gill-slits, vertebral column, ribs 
and breast-bone, and in the muscles of the trunk. When paired 
limbs are present, their number never exceeds four, while in the 
invertebrate there is no such limitation. Finally, there is ap- 
parently a reversal of surfaces, for whereas in the invertebrate the 
bulk of the nervous system lies below the gut and the blood 
system above, in the chordate the reverse is true. In the inverte- 
brate the body- wall is equally thick throughout, in the verte- 
brate there is a remarkable thickening or concentration of the 
muscles along the dorsal side within which lie the notochord and 
spinal cord. 

It is, therefore, this group of forms, comprising the degenerate 
tunicates, the unprogressive Amphioxus, the fishes, amphibians, 
reptiles, birds, mammals, the last of course including man, that we 
wish to consider, and our immediate problem is to learn, if possible, 
the time, place, and source of vertebrate beginnings. 
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Time of Origin 

The chordates are a very ancj entf probably 

t he be ginniiig.„Qf Paleozoic time, although the tangible record of 
t h^ existfinc e„c omniences wi t h the fragmentary rema ins of ar- 
mored fishes (o stracoo icrms) found Jn Middle O rdovician rocks 
near Canyon City, Colorado, m the Big Horn Mountains of Wyo - 
mjn g,_flnd in the B Irc^ nf S^nnfb But these relics are 

those of creatures which had already traveled far along the evolu- 
lionary road and, according to most authorities, do not represent 
the most primitive members of the chordate stem. Hence we may 
safely say that the time of origin was not later than the beginning 
of the Ordovician, and probably long before. There is, however, 
little chance of finding the geologic record of the ancestral forms, 
if, as we may suppose, they were soft-bodied, delicate organisms 
without hard parts for fossilization. An apparent exception lies 
in the little ^^fish plate , Eoichthys howellij discovered in the Cam- 
brian shales of St. Albans, Vermont, in 1926. Later study shows 
this fragment to have been misinterpreted, so the Ordovician 
record still stands. 

Place of Origin 

The main contrast between invertebrate and vertebrate animals 
seems to be that, as a whole, the former are static organisms with 
little or no power of locomotion, while the latter are essentially 
dynamic. There are of course exceptions in each group, for the 
cephalopod molluscs, squid, etc., are splendid locomotor types, 
and some chordates have become sluggish or even fixed as an out- 
come of sedentary habits. Whether or not this contrast of type is a 
result of the physical environment, invertebrates to static marine 
waters and the vertebrates to dynamic fresh-water streams, as 
Chamberlin held, is not at all clear. The most primitive chor- 
dates existing to-day — tunicates, Amphioxus^ etc. — are marine, 
inhabiting for the most part the flatsea (see page 55), where they 
lead a wholly or partially sedentary life. 

That this is therefore the ancestral habitat seems at first sight 
plausible, yet within this area there seems to be lacking the neces- 
sary physical or external stimulus to impel the evolution of the 
chordate characteristics, especially segmented body muscles and 
the notochord. Perhaps the strongest stimuli would be escape and 
pursuit and the need to remain in the environment. The cepha- 
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lopod locomotion, acquired in the sea, is largely for the former pur- 
poses and is based on an entirely different principle from that of the 
chordate. There are, however, among the segmented worms, ma- 
rine forms which swim by a wriggling or undulatory movement 
comparable to that of the vertebrates, except that it is up and down 
or dorso- ventral, instead of from side to side or lateral. There is 
no reason, ho\vever, why the sea might not have produced the one 
as well as the other. Briefly, Chamberlin invoked the dynamic 
rivers which would give the undulatory movement, extrinsically, 
to a passive elongated animal temporarily anchored by the mouth, 
lie imagined that the creature might learn to produce the same 
movements actively, in order to avoid being swept out of the en- 
vironment into the sea, and thus develop motor organs accord- 
ingly, an idea which has had very little general acceptance. 
Eranlvly, we do not know the place of origin, nor is there any direct 
evidence which can be brought to bear upon the problem. 

Ancestral Stocks 

Several theories have been advanced to set forth the claim of 
this or that invertebrate group to vertebrate ancestry, but none 
of them is at this time capable of adequate demonstration. Of 
these, three arc based upon the assumption that a segmented an- 
cestry is necessary to account for the segmentation seen in the 
vertebrate, an inference which is not necessarily true, as segmenta- 
tion may readily have arisen anew in the chordate phylum as a 
response to such conditions as those postulated by Chamberlin. 

Annelid Ancestry. — The hypothesis of annelid ancestry for the 
vertebrates derives the primitive chordate from the phylum Anne- 
lida, typified by the earth- and marine-worms. In many of the 
principal organs there is a marked correspondence, with the excc{> 
tion of the general reversal of the relations of the various parts to 
one another. For, as we have seen, the relative position of blood 
and nervous systems is diametrically opposite in the vertebrate 
and invertebrate groups. But by postulating a physiological re- 
versal of the animal — and we know that in the flounder and squid 
such a change from the morphologically normal posture can take 
place — the various organs of the worm may be brought into almost 
complete harmony with those of the vertebrate. Perhaps the great- 
est difficulty lies in the development of the notochord, but even 
this seems to have its annelid prototype in “the G^aserstrang,^ a 
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bundle of fibers running along the nerve chain and serving as a 
support. 1 his and the notochord lie in a precisely similar position 
in relation to the other organs, and in both cases they are enclosed 
with the nerve cord in a common sheath of connective tissue^' 
(Wilder). 

The reversible diagram shown in Figure 123 shows quite clearly 
this correspondence of parts. In the annelid position we see the 
mouth at niy from which the msophagus arises, passing through 
the nervous system and connecting with the long straight gut, 
////, which terminates at the posterior end of the body at the 
anus, a. The nervous system consists of the large supraoesophageal 
ganglion or brain from which nerve connectives run, one on either 
side of the cesophagus, to the ventral nerve chain. The main blood- 
vessel lies dorsal to the gut and another lies beneath it. These are 
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Fig. 123. — Reversible diagram illustrating the annelid theory of vertebrate 
origin. Reversible symbols, applying to both forms: R, alimentary canal; Sf 
brain; X, nerve cord. Annelid symbols: a, anus; m, mouth. Vertebrate 
symbols: NT, notochord; pr, proctodaeum (anus and rectum); st, stomodaeum 
( mouth and pharynx) . ( Af ter W ilder . ) 

connected in the anterior region by semi-circular pulsating vessels 
or ^Tiearts^^ which cause the blood to flow forward in the dorsal 
vessel and aft in the ventral one. Reverse our diagram and the 
form becomes a vertebrate, the blood now flowing forward in the 
pulsating ventral aorta which serves as a heart, the ancient semi- 
circular ^'hearts having relinquished their primal function for 
that of respiration, since the gill-slits arising between them make 
them the branchial vessels. As in the annelid, the mouth is again 
on the ventral side and this can only be brought about through 
the abandonment of the old and the formation of the new one by 
ail inpushing of the body- wall at st until communication with the 
gut is effected. This stomodaaim (Gr.(r7djua, mouth, and daieiv, 
to divide) is balanced at the hinder end of the trunk by the new 
hind gut, the proctodieurn (Gr. Trpco/cros, anus), pr, the ancient 
intestine in the tail region being aborted. 

The brain and nerve cord are the homologues of the supraoeso- 
phageal ganglion and ventral nervous chain of the annelid. Indica- 
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tions of the ancient mouth are seen in several structures such as the 
neuropore in the embryo of Amphioxus, which forms in this place 
a direct communication between the cavity of the nerve cord 
(neurocoele) and the exterior and is otherwise unaccounted for. 
Other indications of the early mouth and its oesophagus are the 
fourth ventricle of the brain, a cavity which lies exactly in the 
place where in the diagram the annelid oesophagus pierces the 
nervous system, and also the hypophysis, a structure attached to 



the lower side of the mid-brain, part of which is pushed up from 
the alimentary canal, and for which there is as yet no satisfactory 
explanation. 

Add to all this the remarkable correspondence of the kidney 
tubes or nephridia of the annelids and vertebrates, and the evi- 
dence is presented. Wilder says in summation: ‘^Convincing as 
these comparisons seem when taken by themselves, the influence 
of later investigation has tended rather away from the annelid 
hypothesis, and at present, although there are many investigators 
who seek the ancestor of vertebrates in some worm-like form, there 
are few who wish to definitely assert that this ancestor was an 
annelid.’’ 
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Arthropod Ancestry. — In addition to the annelid theory, some 
authorities have tried to prove vertebrate descent from Arthro- 
poda, especially from the more primitive arachnoids such as are 
now represented by the scorpion and the horseshoe crab (Limulus, 
Fig. 124) and formerly by the extinct Merostomata (Fig. 125). 
By this hypothesis we must set aside as primitive such forms as 
Amphioxus and the cyclostomes and start with the highly spe- 
cialized ostracoderms which 
lived in Ordovician and Dev- 
onian times and thus were 
contemporaneous with and in 
general appearance and prob- 
able habits quite similar to 
the Merostomata. The soft 
parts of the Merostomata are 
of course unknown, but it is 
reasonable to suppose that 
they were not unlike those of 
the related scorpion and Limu- 
luSj and, as Patten has shown, 
especially in the brain and 
cranial nerves of vertebrates 
and the fused cephalothoracic 
ganglionic mass found in such 
arachnoids, there are many 
points of resemblance. Then, 
too, the sense organs, espe- 
cially the eyes, are more or 
less comparable, and there is 
in Limulus an internal skeletal 
piece known as the ^'endo- 
cranium^^ or sternum which serves to protect the central nerve 
complex, and which in general form and in its relation to other parts 
resembles the primordial vertebrate skull. Similarities also exist be- 
tween the heart and arterial systems of each group, and the append- 
ages may be compared. There are, again, the very arthropod-like 
jaws which Patten has demonstrated in the ostracoderm Bothrio- 
lepisy a type which, on the other hand, shows many vertebrate-like 
characteristics; and the general arrangement of the plates by which 
the cephalothorax is covered is also very similar in the ostraco- 



fischeriy Silurian. (After Nicholson and 
Lydekker, from Parker and Haswell.) 




432 


ORGANIC EVOLUTION 


derms and contemporary arachnoids, but unfortunately for the 
argument Bothriolepis is a highly specialized end-form from the 
Upper Devonian. Nevertheless, while the arachnoid theory has 
been set forth by Gaskell {The Origin of Vertebrates, 1908) and by 
Patten {The Evolution of the Vertebrates and Their Kin, 1912), the 
main thesis has received thus far but little recognition, although 
the evidence, especially in Professor Patten’s book, is based upon 
an admirably executed piece of research. 

Arnphioxus Ancestry. — The theory of Amphioxus ancestry 
places especial emphasis upon the notochord, the gill-slits, and the 
dorsal position of the central nervous system, and by means of these 
has traced the line of vertebrate ancestry through a series of transi- 
tional forms, externally very unlike one another and each some- 
what isolated in its systematic position (Wilder). Of these. Am- 



Fig. 126. — Ostracoderm, Pterichlhys milleri, Lower Old Red Sandstone, 
Scotland. A, dorsal, B, ventral, and C, lateral aspects, ap, pair of lateral 
appendages; j, joint in appendage; supposed upper jaw, with notches for 
narial openings; op, operculum; orb, orbits. (Restoration by Traquair.) 


phioxus, the lancelet, stands nearest the true vertebrates, in fact 
it is nearest the diagrammatic vertebrate of any living type, al- 
though, owing to certain specializations, it can hardly be considered 
a true stem-form. The lancelet was first described in 1778 as a 
shell-less snail or slug, and was named Limax lanceolatus. It is an 
inhabitant of the shallow sea (see page 55), being found off the 
coasts of all parts of the world. There are sixteen known species 
most of which are recorded from tropical and sub-tropical shores, 
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mainly between latitudes 40° N. and 40° S. In habits they are 
very sedentary, living for the most part partly buried in the sand 
or mud in a nearly erect posture, with the anterior end protruding. 
Aside from their primitive character, their world- wide distribution, 
coupled with sedentary habits, points to a very great antiquity. 
As fossils, however, they are thus far entirely unknown and prob- 
ably always will be. 

Description of Amphioxus (see Fig. 122). — ^The body is lanceolate, 
compressed, without a distinct head, but with an expansive hood-like 
structure surrounding the mouth, which is situated beneath the snout. 
There are no paired fins; but a pair of longitudinal folds, the metapleures, 
one on either side of the body along the ventral margin, suggest their 
possible origin. There is a slight median fin running along the back and 
supported by delicate skeletal elements membranous in character. Around 
the tail this fin expands into a caudal which extends forward on the ventral 
side beyond the anal opening, thus displacing the latter to the left of the 
median line. 

A conspi(*uous feature is the regular segmentation of the muscular 
system, plainly visible through the transparent skin, the side muscles 
being divided into a large number (64 zb) of V-shaped myomeres (Gr. 

muscle, and part), each with the apex pointing forward, 

d'hese do not precisely correspond on the two sides of the animal, and by 
their successive contraction and relaxation they produce the undulatory 
movement of the body by means of which locomotion is effected. The 
notochord has already been described and also the fact of its continua- 
tion to the extreme end of tlie snout, instead of ceasing beneath the mid- 
brain as in all higher vertebrates (Craniata). 

Trying along the dorsal side of this notochord and enclosed with it in a 
connective tissue sheath is the central nervous system, comparable to 
that of fishes except that it lacks an expanded brain other than a slight 
enlargement. The only definite sense organs are an olfactory pit on the 
left side and a single median pigment spot which serves for the perception 
of light transmitted through the transparent body. 

The alimentary canal lies beneath the notocdiord, and consists of the 
mouth and a large pharynx that extends more than half the length of the 
body and is pierced by numerous gill-slits. The intestine runs directly 
backward, terminating in the laterally situated anus. There also arises 
from it ventrally a hollow outpushing known as the liver. 

The circulatory system is comparable to that of other vertebrates but 
is much simpler, and the heart is represented by a pulsatory ventral 
aorta lying beneath the pharynx. The blood, however, is colorless. 

It will thus be seen that Amphioxus is a very simple verte- 
brate,^^ specialized a little along certain lines, but with several 
structures of such fundamental importance that they must be 
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borne in mind in our search for yet more primitive forms. These 
structures are the notochord, the dorsally situated nerve cord, 
and the pharynx perforated by gill-slits and provided with an 
endostyle. 

The only other living creatures (except Balanoglossus, see page 
435) which possess these structures during any part of their career 

are the tunicMes^ some of 
which are planktonic, others 
meroplanktonic, in that 
while they have active larvje 
they soon settle down and 
become wholly sedentary in 
their habits. These seden- 
tary forms, c u r i o u s 1 3^ 
enough, have retained more 
of their primitive characters 
than those which are plank- 
tonic, as their larvse are 
comparatively undifferen- 
tiat(Kl. The free-swimming 
forms, on the other hand, 
are often modified in a re- 
markable way and may 
have so complex a life-his- 
tory that the old-time chor- 

date characteristics have 
T - ]27-Tunicate, Ascidia Digram of disappeared, 

longitudinal section from left side. Test and i 

mantle removed, an, anus; atr^ atrium; atrsj They always, however, pos- 
atrial (exhalent) siphon; gon, gonoduct; ht, sess the gill-slits except in 

heart; hypophysis;™, mantle; nerve locomotive individ- 

ganglion; ce, oesophagus; os, oral (mhalent) 

siphon; ov, ovary; reel, rectum; stig, stig- uals among the colonial 
mata (pharyngeal perforations); stom, stom- types, which have lost all 



ach; test, test or tunic. (After Parker and 

pulsion, that is, the mus- 


Haswell.) 


cles, nerves, and sense organs. The name tunicate comes from 
the test or tunic which surrounds the entire animal and is com- 
parable to the shell of a mollusc in that it is formed by the 
body- wall or mantle. This test is unique in being made up of a 
substance closely comparable to the cellulose of plants. 

While the adult tunicate shows certain Amphioxus-like charac- 
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teristics, it is the larva in which these are particularly emphasized, 
for in this stage the creature, which is tadpole-like, possesses a well 
developed notochord, segmented muscles, and a prolonged nerve 
tube with a brain-like vesicle forward which contains a pigment 
spot and another organ, possibly for balancing. The gill-slits are 
much fewer in number than in the adult and the endostyle lies in 
its normal position. The heart also lies ventrally and just behind 
the oesophagus. 

But this comparatively high organization is retained for a very 
brief time, a few hours only. Then the creature settles down on a 
pair of adhesive papillae and undergoes a marked retrogressive 
metamorphosis (see Fig. 23) during which it loses tail, notochord, 
and segmental muscles; the nerve tube is reduced to a single 
ganglion, the sense organs disappear, the gill-slits increase in num- 
ber, and the animal, after relinquishing practically all of the organs 
that serve to link it with the vertebrates, degenerates into what is 
virtually an invertebrate form. It is, however, evident that the 
tunicates represent a group more or less closely allied to Amphi^ 
oxuSy and hence to the other vertebrates, but that since the time 
of the common ancestor they have taken a divergent road, resulting 
in a type of degenerate adult whose real affinities are masked by its 
specializations. Thus, as Wilder says, The ancestor that we here 
seek is better seen in the larva than in the adult, and we may 
believe that there once existed an adult animal with attributes 
like that of the tunicate larva of the present day, and that this 
animal was the direct ancestor of that group of which Amphioxus 
is now the only living representative.^' 

Back of the tunicate ancestor there is but one known form which 
may or may not be near the main ancestral line. This creature is 
Balanoglossusj a marine worm that lives between high and low 
water marks in fragile tubes of cemented sand. 

Balanoglossus is elongated without internal segmentation, but the body 
is divided into four regions (see Fig. 128), the burrowing proboscis, a collar 
with a free anterior edge, a flattened gill region, and a posterior trunk. 
The mouth is situated just beneath the edge of the collar on the ventral 
side and receives sand with its contained organic debris. There is a large 
pharynx communicating with the exterior by two lateral rows of gill-slits 
supported by a skeletal structure comparable to that seen in Amphioxus. 
Owing to the fact that nowhere except among the chordates do such struc- 
tures occur, naturalists have sought in this animal for the other two chor- 
date characteristics, the notochord and dorsal nervous system. The latter 
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is apparently represented by a very generalized system 
of nerve fibers and cords somewhat emphasized on the 
dorsal side, but there is no evidence of the neuroccele. 
The notochord is supposed to be represented by a small 
outgrowth arising from the dorsal wall of the pharynx 
and extending forward into the proboscis. As Wilder 
says, this supposition has been greatly strengthened 
through the recent discovery of an allied form belong- 
ing to a new genus (//arrinn/nta) in which the out- 
growth is much larger, and, in its mode of origin, strik- 
ingly similar to the true vertebrate notochord, and thus 
without much doubt homologous with that organ. 
Wilder further says: 

^‘From the testimony afforded by the structure of 
Bala7i()glossus and its allied genera (the group Enter- 
opneusta) it may be quite confidently asserted that 
these forms lie nearly in the line of vertebrate descent, 
and represent an earlier stage than that of the t uni- 
cates. But here the chain seems to end, foi Balcmo- 
glossus is itself unusually isolated and shows no close 
affinity to any other invertebrate types. 

There is but a single rather slender clue to the 
ancestry of Balanoglossus, and that is again af- 
forded by its embryology, for here there is a 
peculiar ciliated larva, the so-called Tornaria, 
which shows a very marked resemblance to the 
larvae of the echinoderms (Fig. 129), and the uni- 
versal occurrence of this larva within the latter 
group shows that, whereas they are all to-day, 
with rare exceptions, either sedentary or vagrant 
benthos, as their radial symmetry implies, th(‘y 


Fig. 128.— arc descended from a pelagic bilaterally sym- 
anoglossus. b* gill j^^etrical ancestry. Thus, according to this belief 
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Spengel, from eluding bilaterality, minute size, transparency, 
Parker and Has- locomotion by bands of cilia, and pelagic life. 

The lineal descendants of this hypothetical an- 


cestor chose two paths, the one leading to the Echinodermata, 


the other to Balcmoglossus^ the Tunicata, Amphioxus, and even- 


tually the Vertebrata’' (Wilder). 



ORIGIN OF VERTEBRATES 


437 


While this theory is incomplete in many details, it has strength 
where the other hypotheses are weakest in that it is based not 
alone upon adult structure but upon ontogeny as well. The weakest 
link in the chain of evidence is that which binds Balanoglossus to 
the echincdcrrns — the Tornaria larva — because the adult structures 


c 



Fig. 120. — Comparison of Tornaria larva with larval ochinoderms. Main 
ciliated bands in l)lack, lesser systems cross-lined. Ventral aspect: A, Tornaria; 
B, Auricular in (sea-cucumber); C, Bipinnaria (star-fish). Lateral view: A', 
Tornaria; B', Auricularia; C', Bipinnaria. (After Wilder.) 

are so remote and the echinoderms give not the slightest clue in 
their bodily make-up to chordate affinities. As Matthew says: 
The origin of chordates ^Ts still an unsolved problem. We cannot 
yet point to our ultimate ancestor in the Cambrian fauna. But 
whether known or unknown, and the latter is by far the more 
likely hypothesis, we can be pretty sure that we had an ancestor at 
that time, and that his evolutionary status was not above that of 
the trilobite, and may have been no better than a worm.” 

REFERENCES 

Berry, E. W., ‘‘The Environment of the Early Vertebrates,” American 
Naturalist, Vol. LIX, 1925, pp. 354-362. 

Chamberlin, T. C., “On the Habitat of the Early Vertebrates,” Journal cj 
Geology, Vol. VIII, 1900, pp. 400-412. 



438 


ORGANIC EVOLUTION 


Matthew, W. D., Climate and Evolution,” Special PuhlicationSj New York, 
Academy of Sciences^ Vol. I, 1939. 

Matthew, W. D., Synopsis of Lectures in Paleontology , 7, University of Cali- 
fornia, 1928, Syllabus 213. 

Homer, A. S., Vertebrate Paleontology^ 2nd ed., 1945, Ch. 2. 



CHAPTER XXIX 


EMERGENCE OF TERRESTRIAL VERTEBRATES 

Next to the origin of the vertebrates from their ancient ancestry, 
the greatest and most dramatic event in all their history is the 
emergence from the old limiting aquatic environment and the sub- 
sequent adaptation to land-dwelling life. The sea is so changeless 
and the range of its conditions so small that evolution within it is 
not stimulated as it is on land. Adaptive radiation of marine 
creatures can accomplish but little; we have seen, on the other 
hand, what it means od the part of air-breathing forms. 

"^lace of Emergence 

The three problems \ hich come to mind are the place, the im- 
pelling cause, and the 1 me of this important event, and of these 
the first has been established, for while certain creatures have for- 
saken the sea and, crossing the strand, become adapted to ter- 
restrial life, such instances are rare and in no case do they embrace 
all of the members of a class or phylum, but isolated genera or 
even species only. Such, for example, are the land crabs, Birgiis 
latroy etc., several species of which live in damp woods far from all 
water and, as they are found on islands which, like the Dry Tortu- 
gas, have no permanert terrestrial waters, must have had their 
initial air-breathing adaptation along the strand. The terrestrial 
vertebrates, however, apparently did not so emerge, but rather 
were descendants of inhabitants of land waters, for in such a hab- 
itat alone can we find a sufficiently great impelling cause for an 
event so far-reaching and radical in its ultimate results. Further- 
more, the ancestral habitat could not have been within the limits 
of the tidal zone but was beyond the influence of the sea. 

Impelling Cause 

Enemies in the Water. — Barrell has discussed the probability 
of several possible causes which may have led to the emergence of 
the' vertebrates. Of these, the first is enemies in the water, which 
he deems inoperative, for among land-going fishes of to-day those 
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few which crawl on land do not do so to excape their enemies. He 
also emphasizes the balance which always obtains between carniv- 
orous and herbivorous creatures of a given habitat, and the fact 
that the amphibia go back to the waters to (pring forth their young, 
and the youngest and therefore the most helpless stages are spent 
in the waters. Add to this the fact that the earliest amphibia which 
are known from their skeletons, and their ancestors, are, in many 
instances, powerful armed carnivores them selves, and their forsak- 
ing of the ancient habitat for personal srfety seems hardly ade- 
cpiate. 

Food on the Lands. — Food on the lands is also considered an 
inadequate cause. Here the argument lies, in the rarity of the pas- 
sage of crustaceans, gastropods, and vertebrates from a truly 
marine to a truly terrestrial mode of life fjarough the ever present 
path of the tidal zone, which seems to prove that the unused 
though increasingly abundant food of die land realm cannot 
operate as a sufficient cause for this chan e, nor, so far as this fac- 
tor is concerned, do the river faunas hav(V in advantage over those 
of the tidal zone. 1 

Lure of Atmospheric Oxygen. — That the lure of atmospheric 
oxygen is also inoperative is proved by thb small direct use made of 
air for respiration by pelagic marine fishes even when they — the 
flying fishes, for instance — live an active life near the surface and 
in frequent contact with the air. It is principally in fresh-water 
fishes that accessory respiratory organs arc employed and their 
use is in direct relation to the varying inpurity of the waters in 
which they live. This varying impurity, vvhich often means a re- 
duction of respirable oxygen in the water, is literally impossible in 
the sea. Streams may locally contaminate the adjacent waters 
by their load of sediment or other impurities, but they cannot 
seriously lessen the degree of aeration. Then, too, marine fishes 
are never confined to such localities, but can migrate should condi- 
tions become unsuitable; while with freiih-water fishes this may 
not be true. 

Recurrence of Unfavorable Environment. — The real cause, 
therefore, seems to be not the need of safety or food, nor the desire 
to breathe atmospheric oxygen, but rather an adaptation which 
has been forced repeatedly to a greater or less degree upon fishes 
by the recurrence of an unfavorable environment. Hence it appears 
as though the emergence were compelled by variations in the 
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Environment as measured by the amount of dissolved oxygen in the 
land waters, and the question arises whether such variations occur 
and, if so, under what climatic conditions. The required climate 
does occur in various parts of the world, but is neither arid nor 
humid, but semi-arid — conditions which are found in the tropics 
especially, where, instead of the fourfold change of seasons whose 
determining factor is temperature, there are alternate seasons 
of drought and copious rain, occurring in definite cycles. In such 
a region during the rainy season the streams would be high and 
fully aerated, but when the rains ceased the waters would grad- 
ually slacken their current, until instead of a flowing river of pure 
water there would be a succession of stagnant water pools, in which 
the concentrated plant and animal life would die and by its decay 
charge the waters with impurities and exhaust their free oxygen. 
Thus we would get a great fluctuation of oxygen content and so a 
very variable environment in its ability to support water-breathing 
life. 

Under such conditions, if life existed, a high premium would be 
placed upon powers of a3stivation, or torpidity induced by summer 
heat and dryness, or of breathing the atmosphere, or both com- 
bined; and a rapid elimination of the unfit, that is, of such as did 
not possess even the rudiment of this power, would occur. 

Air-breathing Fishes 

There are among existing fishes a number possessing supplemen- 
tary respiratory organs which may be one of two structures : either 
(1) spongy outgrowths of the gills which can retain moisture and, 
as long as it is retained, utilize the free oxygen of the air for the 
aeration of the blood; or (2) a modified swim-bladder which may 
have one of several functions but whose principal purpose is a hy- 
drostatic one — to maintain the fish at a given level in the water. 

Teleosts. — The first of these structures, that of the accessory 
organ connected with the gills, is found exclusively in teleostean 
fishes, a group in which the air-bladder never subserves a respira- 
tory function. Several such teleosts exist, among them the climb- 
ing perch, Anahas scandens (Fig. 130), and the mud skippers. Peri- 
O'phthalrmis and BoleophthahjiiiSy but they are generally fishes which 
voluntarily leave the waters for migration or in pursuit of food, and 
rarely is their evolution the result of adaptation to the environmen- 
tal conditions postulated above. 
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The swim-bladder, on the other hand, is entirely absent in the 
two groups known as cyclostomes and elasmobranchs and, as we 
have seen, is never of respiratory value in the tcleosts, so that its 
function in this direction lies in the groups between, in other words, 



Fig. 130. — Climbing; perch, Anahas scandens, with gill-cover (operculum) 
removed to show accessory respiratory organ. (After Jordan.) 

among ganoids and dipnoans or true lung-fishes, and these fishes 
are to-day all denizens of semi-arid tropical climates, living under 
conditions of varied water aeration arising in the way we have 
described. These air-breathing fishes are of such importance to 
our argument, and are so few, and represent so ancient a group or 
groups that some account of the individual species is worthy of 
record. It should be borne in mind, however, that these are relic 
forms, representative of Devonian time when almost all fresh- water 
fishes belonged to one or the other of these two groups. 

Ganoids. — The ganoids of especial note are specifically of the 
order Crossopterygii, or the lobe-finned ganoids, and include but 



Fig. 131. — African crossopterygian fish, Polypterus delhezi, Congo River. 
(After Jordan.) 

two related genera, Polypterus and Calamoichthys^ both African 
in distribution. Of them the better known is Polypterus (Fig. 131), 
of which there are several species. P, bichir haunts the deeper 
holes and depressions of the muddy bed of the Nile, although it is 
not essentially a bottom-liver or mud-fish. It Is most active at 
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night when in search of food, and then it may readily be taken by 
trawl-lines. The lobate pectoral fins are used for progression, but 
their primary function is to act as balancers, and they exhibit the 
characteristic trembling movements so often seen in the balancing 
fins of teleosts. Polyyterus does not readily live out of water, 
rarely longer than three to four hours, and then only when covered 
with damp grass or weeds. P. hichir is said to feed on small teleosts, 
which it swallows whole, and to these there may be added, in other 
species, batrachians and crustaceans. The observations of Budgett 
show that in captivity Polypterus often remains motionless for a 
long time at the bottom of the water, the anterior part of the body 
resting upon the tips of the pectoral fins. According to the same 
observer, the air-bladder is an accessory respiratory organ, supple- 
mentary to the gills, rather than a hydrostatic organ (Bridge). 
This air-bladder is an out-pushing of the gut, and in the Cross- 
opterygii arises from the ventral side of the gullet and is a paired 
structure exactly as in the amphibian lung. It is not, however, 
cellular and is thus a very inefficient respiratory organ. 

In the genus Calamoichthys the body is elongate and eel-like in 
shape. The pelvic fins are entirely lacking but the pectorals and 
the series of dorsal finlets are comparable to those of Polypterus 
except that the latter are relatively fewer. Calamoichthys has a 
more restricted distribution than Polypterus^ being confined to 
certain rivers in West Africa such as Old Calabar River and those 
of the delta of the Niger on the coast of Kamerun. It is a very 
agile fish, swimming lik^ a snake and subsisting on insects and 
crustaceans. The name signifies palm-fish, from its frequenting 
the roots of the palm trees. 

Neither Polypterus nor Calamoichthys is known fossil, but the 
group Crossopterygii to which they belong once included a large 
number of important fishes. Of these Holoptijchius of the Devonian 
is interesting because of the Thtricate infolded structure of the 
tfeth, which has a striking parallel in those of certain amphibia 
(labyrinthodonts). Undinaj another form from the Upper Jurassic, 
exhibits a well developed air-bladder in the fossil specimen. 

Dipnoans. — Of the dipnoans or true lung-fishes three genera 
only are extant but they never were as numerous as the Crossop- 
terygii. The living forms are, first, the Australian genus Ceratodus, 
or, to be more accurate, Neoceratodus for steri (Fig. 132), the bar- 
ramunda, which is now confined to the Mary and Burnett rivers 
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in Queensland. This form “frequents the comparatively stagnant 
pools or water-holes which alternate with shallow runs and are 
usually full of water all the year round. In these pools, filled with 
a rich growth of aquatic vegetation, and often the favorite haunt 
of the platypus {Orriiihorhynchus) ^ the fish is fairly abundant. In- 
active and sluggish in its habits, usually lying motionless on the 
bottom, the fish is easily captured by the natives with hand-nets 
or baited hooks. Neoceratodm lives on fresh- water crustaceans, 
worms, and molluscs, and to obtain them it crops the luxuriant 
vegetation of the water-holes much in the same way that a poly- 
chaet [worm] or a holothurian [sea-cucumber] swallows sand for 
the sake of the included nutrient particles. Apparently the air- 
bladder is a functional lung at all times, acting in conjunction with 
the gills. At irregular intervals the fish rises to the surface and 
protrudes its snout in order to empty its lung and take in fresh air. 



Fig. 132. — Australian lung-fish (dipnoan), barramunda, Neoceratodus for- 
steri. (After Dean.) 

While doing so the animal makes a peculiar grunting noise, ^ spout- 
ing,^ as the local fishermen call it, which may be heard at night for 
some distance, and is probably caused by the forcible expulsion 
of air through the mouth. Useful as the lung is as 9 breathing 
organ under normal conditions, there can be little doubt that its 
value as such is much greater whenever gill-breathing becomes 
difficult or impossible. This seems to be the case during the hot 
season, when the water becomes foul from the presence of decom- 
posing animal or vegetable matter. Semon records a striking 
instance of this in the case of a partially dried-up water-hole, in 
which the water had become so foul that it was full of dead fishes 
of various kinds. Fatal as these conditions were to ordinary fishes, 
Neoceratodus not only survived, but seemed to be quite healthy 
and fresh. Such observations are of exceptional interest. Not 
only do they afford a clue to the conditions of life which, in the 
course of time, probably led to lung-breathing in NeoceratoduSj 
but they also suggest the possibility that a similar environment 
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has been conducive to the evolution of air-breathing vertebrates 
from gill-breathing and fish-like progenitors. ) 

In spite of its pulmonary respiration, N eoceratodus more closely 
resembles the typical fishes in its habits than any other Dipneusti. 
It lives all the year round in the water. There is no evidence that 
it ever becomes dried up in the mud, or passes into a summer sleep 
in a cocoon, and the well developed condition of its gills suggests 
that these organs play a more important role in breathing than in 
either Proiopterus or Lepidosiren. The fish is not known to leave 
the water, and the paired fins, usefulno doubt as paddles, are quite 
incapable of supporting the bulky body on terra firma. In fact, 
when N eoceratodus is taken out of its natural element it seems to 
be more helpless than most other fishes, and in spite of its capacity 
for lung-breathing, soon dies unless kept moist by artificial means’’ 
(Bridge). N eoceratodus grows to a length of five to six feet. 

Ceratodus, a fossil ally, Mesozoic in age, was very widespread 
compared with the limited distribution of its living relative. Its 
very characteristic crushing teeth occur in the Trias of England, 
Germany, India, and South Africa, and also, more rarely, in the 
Upper Jurassic and Lower Cretaceous strata of Pmgland and in 
Colorado and Wyoming (Morrison formation). Its remains are 
often found associated with those of carnivorous dinosaurs, but 
the significance of this, if any, is not apparent. 

Protopterus and Lepidosiren ^ which represent a separate family 
of lung-fishes, the Lepidosirenidse, differ from Neoceratodus in that 
the air-bladder is a douljle organ, while in the latter it is single. 



Fig. 133. — African lung-fish (dipnoan), Protopterus annectans. (After Miall, 

from Dean.) 

Protopterus (Fig. 133) is the African lung-fish, and has a wide dis- 
tribution ranging from the river Senegal and the White Nile on 
the north to the Congo basin. Lake Tanganyika, and the Zambesi 
on the south. The three known species live in marshes in the 
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vicinity of rivers. They are carnivorous, their food consisting 
mainly of frogs, worms, insects, and crustaceans, but when confined 
together they are very apt to display cannibalistic traits. The 
tail is the chief locomotor organ and they are remarkably agile and 
quick in their movements. The limbs are useless for swimming 
but are used for crawling ov^The bottom. Then they show a 
definite elbow- or knee-like flexure at about their mid-length. Pro- 
topterus ascends to the surface from time to time to breathe air 
into its lungs. In the dry season, however, it burrows into the mud 
to a depth of about 18 inches, where it forms a lining to the cavity 
in which it lies in the form of a capsule of hardened mucus secreted 
by skin glands. This capsule has an aperture the margins of which 
are pulled inward to form a short tube that is inserted between the 
flsh’s lips. The fish within the capsule is surrounded by a soft slimy 
mucus which keeps the skin moist, while respiration is effected by 
drawing the outer air through burrow and tube into the mouth 
and thence to the lungs. The lungs are, therefore, the sole means 
of respiration during the period of £estivation, while the body-fat 
and muscle-tissues of the fish, as in hibernating mammals, supply 
it with the necessary food. The dry season varies, but lasts in gen- 
eral from August to December, nearly half the year. When, with 
the advent of the rainy season, the marshes once more become 
flooded, the capsule is dissolved, Protopterus emerges from its 
burrow, and resuming its active life, very soon begins to provide 
for its coming young. The larvae have much the appearance of a 
young salamander, with four pairs of external cutaneous gills and 
two pairs of simultaneously developed limbs. It also has chrornato- 
phores in the skin whereby its color may be changed. As in the 
salamander, the assumption of lung-breathing is marked by a 
reduction of the cutaneous gills, which takes place about seven 
weeks after the eggs are deposited. Protopterus attains a length of 
about six feet. 

LepidosireUf the mud-fish, with but a single existing species, 
is a South American form, occurring along the course of the main 
Amazon, entering some of its larger tributaries and also the Chaco 
Boreal to the west of the Upper Paraguay River. “‘The home of 
the Lepidosiren (or ‘Lolach,^ as the natives call the fish), of the 
Chaco country, is to be found in the wide-spreading marshes and 
swamps, which for a great part of the year are almost choked by a 
luxuriant growth of their own peculiar vegetation and covered by a 
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floating carpet of surface weeds, with here and there deeper and 
clearer water and slow-flowing streams. In the dry season the water 
gradually shrinks and the swamps eventually become dried up. 
Of sluggish habits, the fish wriggles slowly about at the bottom of 
the swamp like an eel, using its hind limbs in an irregular bipedal 
fashion as it wends its way through the dense network of sub- 
aqueous plants. Lepidosiren is not exclusively carnivorous. The 
large fresh-water snail Ampullaria, which lives in the swamps in 
enormous numbers, seems to be its favorite food; but masses of 
confervoid alga3 are also eaten, and in its earlier stages it is prob- 
able that the fish is more herbivorous than carnivorous^^ (Bridge). 
Lepidosiren rises to the surface at intervals to breathe, the rate 
varying with the degree of impurity of the water. It feeds vora- 
ciously during the rainy season, storing up a supply of fat against 
the period of aestivation, which is passed in a deep tubular burrow, 
much as with Protopienis, The entrance to the burrow in this 
instance, however, is closed by a plug of clay perforated by several 
holes. On the coming of the waters the plug is pushed out and the 
fish escapes. Development is quite similar to that of Protopterus 
and in each case parallels the amphibia very closely. There are 
many other parallelisms of structure and habits between the two 
groups, so many in fact that, as Dean said, it is almost impossible 
to look upon them as of no greater significance than convergences. 

Lepidosirenidae are as yet unknown as fossils, but there is reason 
to believe that their evolution from the older Dipneusti has been 
in a manner retrogressive. Dipterus, the most ancient of lung- 
fishes, may be taken as a starting point and Dollo has selected a 
remarkable series of genera, Scaumenaciaj Phaneropleuron, Urone- 
muSy Ceratodus {N eoceratodus) ^ Protopterus, and Lepidosiren, in 
which the evolutionary sequence agrees perfectly with their succes- 
sion in time. Back of Dipterus lies an unknown ancestry, but one 
which probably falls within the group of crossopterygian ganoids 
of which Polypterus and Calamoichthys are the living representa- 
tives. The trend of evolution among the Dipneusti, if one may 
judge from Lepidosiren, is leading to an elongated eel-like t 3 q)e, 
which will be both limb- and scale-less, which may be indications 
of racial senescence. These two interesting groups of air-breathing 
fishes, the Crossopterygii and Dipneusti, are both on the eve 
of their racial passing. The lesson which they teach, however, 
is of great significance and brings us back once more to the theme 
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of our discussion — that of the most momentous emergence in 
prehistory; and our inquiry now leads us to a consideration of the 
probable time of emergence. 

Time of Emergence 

The evidence here is twofold: first, the fossil record, and second^ 
the geologic evidence of climatic conditions such as we have as- 
sumed. 

The fossil evidence, which will be reviewed in greater detail 
later, points to a time earlier than Upper Devonian, for it is upon 
sediment referable to that period that the earliest known footprint 
of a terrestrial vertebrate has been impressed. The time of emer- 
gence therefore cannot be later than the age of this footprint, and 
from the nature of things must somewhat antedate it, although 
how much we have no means of knowing, as it was a time of accel- 
erated evolutionary change. 

The climatic evidence points to the same result, for, as Barrell 
has shown by a careful study of the sediments and of other phenom- 
ena connected with the rocks of Devonian age, these were times of 
warmth and seasonal rainfall tending toward more marked semi- 
aridity of climate in the Upper Devonian. There is, moreover, 
a dominance of dipnoans and crossopterygians in the fish fauna. 
Of these fishes certain could and probably did adapt themselves 
after the manner of their living descendants to the increasingly 
long dry seasons, until the latter became so long that the period of 
activity was not sufficient for the creature’s life needs. Then 
came the emergence, for instead of aestivation the animal must 
adopt some other mode of life which would prolong the time of its 
activity in spite of its climatic restrictions. Thus the more ambi- 
tious among the lung-breathers, not content with the limitations 
imposed upon their lives, emerged from the age-long aquatic home 
and ventured into the new and untried habitat. Many may have 
essayed the emergence, but it is probable that relentless nature, 
weeding out the less fit for so valorous an undertaking, destroyed 
all but a single sort, for there is no evidence that the ancestry of the 
amphibia is to be found in more than one evolutionary lineage. 

Ancestry 

In spite of the many similarities which exist between the Dip** 
neusti and the amphibia, there are few authorities who hold to h 
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possible direct derivation of the one from the other, for very serious 
anatomical difficulties stand in the way, one of which is the very 
peculiar and speciali.^ed type of limb, the archi pterygium, which 
this group of fishes possess, and out of which it is seemingly im- 
possible to evolve the terrestrial hand or foot. The Crossop- 
terygii, on the other hand, exhibit fewer of these obstacles; in fact, 
there are practically none which evolution cannot overcome. The 
general opinion, therefore, would derive the land-dwelling forms 
either from the Crossop terygii as such or possibly from some, as 
yet undiscovered, related group. 

Changes upon Emergence 

Partial Loss of Armor. — The essential changes undergone by 
the emerging form were, first, partial loss of armor, for while the 
earliest amphibians, the Stegocephalia (Gr. crreyeiv, to cover, and 
Ke^aXi?, head) are armored, the armor is confined mainly to the 
head as the name signifies, to the breast girdle, and to oblique 
rows of small scales, chiefly on the under side of the trunk and tail. 
There is no evidence of their having possessed the heavy enameled 
scales of the ganoid ancestor. 

Loss of Unpaired Fins. — The unpaired fins are of course strictly 
of aquatic use and their loss upon emergence is to be expected. 
They do, however, recur in forms which have returned to their 
ancestral habitat. Thus certain salamanders show a rather well 
developed caudal web of .skin which in the male crested newt ex- 
tends forward along the back, and many aquatic larvae, those of 
frogs and toads, also have well developed unpaired fins. But these 
are new structures which have arisen in response to immediate 
need and bear no genetic relationship to the equivalent fins of 
fishes, the principal proof thereof lying in the fact that there is no 
trace in the amphibian of supporting fin-rays such as all fish fins 
show. 

Development of Terrestrial Limb. — One of the most essential 
changes upon emergence was the modification of the paired fins 
of the fish ancestor to support the body on the mud, a function 
to which they were clearly inadapted in their original condition. 
The paired fins of the Dipneusti arc, as we have seen, archipterygia, 
that is, having a long, jointed, bony axis, on one or both sides of 
which arose a series of parallel rays to support the fin membrane. 
Such a type of limb, while it may be used as a prop or for slow 
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crawling propulsion in a water-borne form, is in no known instance 
of suitable strength to support the entire weight of the animal 
when out of water, nor is it of sufficient surficial area to carry its 
owner over soft mud, for here a broad member is necessary. Then, 
too, the skeletal elements are such that one cannot see the slightest 
prophecy therein of the standard framework of the terrestrial foot. 

With the crossopterygians, on the other hand, this is not true, 
for here the limb is different, having a broad basal lobe containing 
several bones and a fringe-like expansion so arranged that a much 
more adequate support is already present, even in the fish stage of 
evolution. It is particularly in the pectoral fin of the fish Eusthen- 
epteron (Fig. 134), from the Devonian of Quebec, that the ter- 




Fig. 134, — ^Left pectoral limb of A, Eusthenopteron^ and B, Eryops. After 
W. K. Gregory. H, humerus; R, radius; Scap, scapula; U, ulna. 

restrial limb is foreshadowed, the shoulder-bones corresponding 
bone for bone, the single proximal bone of the fin to the humerus, 
the next two to the radius and ulna, and the remainder, or some of 
them, to the bones of wrist, palm, and digits. Certain bones have 
naturally been lost and others added, and the entire fin-rayed 
portion of the limb abandoned with the relinquishment of the 
swimming function; but the whole metamorphosis requires no 
undue stretch of the imagination. The actual transitional limb is 
as yet unknown to us, but the most ancient footprint, Thinopus 
(Fig. 135), is apparently not that of a completely evolved foot 
and may thus throw light upon the process of evolution. This 
footprint, while giving no clue to the skeleton of the upper and 
lower arm and wrist, does give a very adequate idea of the digital 
structure, which is highly peculiar. There are but two completely 
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formed fingers, probably the first and second, the cleft between 
them extending deep into the sole of the foot. The phalangeal pads 
and a rounded, terminal, claw-like portion are already developed 
and there appears on the outer side of digit 
II the rudiment of a third, and below this 
on the outside of the foot the possible An- 
lage of digit IV. 

If this is a normal footprint, as we may 
suppose it to be, it seems to prove that the 
terrestrial foot, instead of being five-toed 
from the beginning — and that is certainly 
the standard undifferentiated type to-day 
— began as a two-toed organ on the outer 
side of which the remaining digits arose in 
orderly succession until the typical num- 
ber was acquired and the member became 
standardized. 

That this may have been the case is not 
alone evidenced by the unique footprint 
which we have discussed, 
but the arrangement of 
the nerves and muscles 
and the major and minor 
axes of the foot and limb 

are corroborative. The ontogeny of the sala- 
mander's foot as figured by Rabl (see Fig. 137) 
shows the same budding of the lateral digits as 
the Thinopus track implies. So that, without 
having seen the footprint, Professor Wilder as a 
result of his embryological studies postulated an 
ancestral foot strikingly like that of Thinopus, 
Loss of Internal Gills. — The ancient fish gills, 
borne on the gill-arches, were also lost upon 
emergence, for in every instance where perma- 
nent gills are seen in living amphibia they are 
external dermal structures of later origin and 
not strictly homologous with the internal gills of 
the fishes. Some amphibian gills, it is true, seem to be internal, 
as they are occasionally covered by a fold of skin, the operculum, 
so that they thus come to lie in a gill chamber; but they develop 



Fig. 135. — Earliest 
known fossil footprint, 
Thinopus antiquus, with 
two fully formed digits, I 
and II, a partially formed 
third. III, and a possible 
rudiment of a fourth, IV. 
Upper Devonian of Penn- 
sylvania. One-half nat- 
ural size. Original in Yale 
University Museum. 


Fig. 136.— Foot 
of a reptile, Rano~ 
don sibericus, /, 
fibula; hj femur; tj 
tibia; 1, 2, 3, 4, 
digits 1-4. (After 
Wiedersheim.) 
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before the gill-clefts open, are restricted to the outer side of the 
branchial arches, and are always covered by ectoderm, all of 

which goes to prove them 
new organs which have 
assumed the old lost 
function of aquatic res- 
piration. 

Fossil Record 

Footprints . — The 

earliest record of a ter- 
restrial vertebrate is the 
single footprint of Thirio- 
pus ayitiquus mentioned 
above. This is impressed 
upon a slab of sandstone 
and is from the uppc^r- 
most Devonian (Che- 
mung). It was found in 
1896 by the late Profes- 
sor Beecher of Yale and 
by him presented to the 
Museum where it is now 
treasured. These same 
beds contain ripple- 
marks and mud-cracks, and impressions of rain-drops and land 
plants also come from the same general horizon. A characteristic 
marine mollusc (Nuculana) is preserved on the under side of the 
footprint slab. The associated strata show dominant delta condi- 
tions on the outer margin of which the sc^a had contributed to the 
material, for in the wide oscillations of the strand-line character- 
istic of delta fronts, deposition under shore conditions and deposi- 
tion under river conditions alternate (Barrell). 

This Devonian is directly overlain by Lower Carboniferous 
(Mississippian) Coal Measures, represented in Nova Scotia and 
New Brunswick by the Horton series. These contain the remains 
of plants and crustaceans and the footprints of amphibians. No 
bones have been found in these beds, but the footprints indicate, 
at the beginning of the Carboniferous period and before the deposi- 
tion of the Lower Carboniferous limestones, the presence of both 



Fig. 137. — Development of the hind foot of 
a salamander, Triton Ueniatus, (After Strasser, 
from Rabl.) 
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large and small species similar to those of the coal formation (Daw- 
son). One interesting type, Hylopus hardingij found in the Lower 
Carboniferous shales of Parrsboro, Nova Scotia, shows a stride 
five times the length of the foot and twice the width of the track- 
way, as though the creature which made it stood high on its legs 
like an ordinary mammal. This looks very much like a cursorial 
adaptation; if so, it is the earliest on record. 

The next higher level to record the passing feet of these primal 
terrestrial forms is the Maiich Chunk series of Pennsylvania, as- 
signed by geologists to the upper half of the Lower Carboniferous. 
Here has been recorded Palxomuropus primsewus, a five-toed track 
of considerable size as these early forms run, and more careful 
search of these same beds at Pottsville has brought to light several 
other species, some very small and delicately impressed. Other 
tracks have come from Virginia and are referred to the same gen- 
eral age (Hinton formation). 

An amazing series of footprints of Permian age representing a 
number of genera and species has recently come to light in the 
Grand Canyon, where they may be seen traveling up the strata 
until they disappear under the overhanging cliff. Some of these 
are preserved in the Yale Museum and some in the National Mu- 
seum at Washington. 

First Skeletal Remains. — ^The first amphibian bones were found 
in the Upper Devonian of Greenland and are comparable in age 
to that of the Thmopus footprint. Other skeletons come from the 
Edinburgh Coal Measures of Scotland which have been referred 
to the Lower Carboniferous. These are in no sense transitional 
forms, but are fully developed amphibians. Above the Lower 
Carboniferous Coal Measures we have red shales and sandstones 
in which bones are invariably rare and footprints abundant, and 
so it is with the Scottish record. 

It was during Permian and Carboniferous times especially that 
the great deployment of amphibia occurred, and we have from 
various places, notably in Europe and in Nova Scotia and the 
United States, the remains of a varied assemblage of forms, some 
small, others huge, heavily armored types with complex vertebrae, 
still others with complexly infolded teeth; some with well devel- 
oped crawling limbs, yet others limbless, elongate, indicating that 
already the condition which we have called racial old age, or 
senility, with its attendant degenerative specialization was upon 
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them. One and all were alike in this — they went, presumably, 
back to the waters to lay their eggs, and their young were therefore 
aquatic and breathed by means of gills (see Fig. 138). But there 

are among them many of which this 
cannot be proved and some may ac- 
tually have been transitional, not be- 
tween amphibians and fishes, but be- 
tween amphibians and the succeeding 
class, the Reptilia. Certain of the forms, 
such as Cacops (Fig. 139), discovered 
in the Permian of Texas by Professor 
Williston, show such a combination of 
characters pertaining both to the am- 
phibia and reptiles that, as the distin- 
guished discoverer says, it may become 
necessary to revise our definition of the 
former group. 

Summary. — ^^The nature of the geo- 
logic record of amphibians indicates that 
they evolved under climates marked by 
seasonal dryness, and inhabited river- 
plains far from the sea. The abruptness 
of appearance of well developed sustain- 
ing legs and feet points to an origin perhaps as far back as the 
Lower Devonian, but a rapid expansion and evolution in the Upper 
Devonian. They survived the change to more generally wet con- 
ditions in the Lower Mississippian, but showed more convincingly 



Fig. 139. — Permian stegocephalian, Cacops aspidephorus, from Texas, allied 
to the primitive reptiles. (After Williston, from Schuchert’s Historical Geology.) 

their adaptation to semi-arid continental conditions through the 
footprint record they have left in the Mauch Chunk shales. The 
impressions of plants indicate that over the broad river-plains of 
eastern Pennsylvania there flourished each season an herbaceous 



Fig. 138. — Stegocephalian, 
Branchiosaurus amblyslomusy 
Permian, Germany. Restored 
larva, showing gill arches. 
(After Credner, from East- 
man-Zittel.) 
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vegetation of acrogens following the withdrawal of the river floods, 
until the advancing seasonal dryness caused it to wither. No 
traces of an arboreal vegetation have been found, and this, taken 
in conjunction with other facts, suggests that in the dry season the 
streams completely vanished, or at least were reduced to rivulets 
and water-holes unable to afford sufficient underground water to 
support an arboreal vegetation on the banks (Barrell). 

Circumstances such as these were not conducive to piscine life, 
but were just the conditions under which amphibians would thrive. 
With further increase in aridity, however, such that no seasonal 
return of the waters occurred to make aquatic egg-laying possible, 
came the restriction of the amphibia and the evolution of reptiles. 

Reptiles 

Aside from certain anatomical characteristics, which we need not 
enumerate, two features stand out sharply in the reptiles in con- 
trast to the amphibians. They are, first, the loss of gill-breathing 
forever, the reptiles and their descendants — the mammals and 
birds — depending solely upon their lungs for oxygen; and second, 
the development of certain embryonic envelopes known as the 
amnion and allantois. The true significance of both loss of gills and 
gain of allantois is the same — air-breathing young. 

Embryonic Membranes. — The reptilian egg is a complex struc- 
ture consisting not only of the male and female germ-plasm but of 
a considerable amount of nutritive yolk, sufficient to carry the 
creature well along toward perfection of body and obviating the 
necessity of a larval stage and a metamorphosis such as so many 
amphibians possess. This complex egg is surrounded by a protec- 
tive envelope, the shell, and is invariably laid on land, if laid at all. 
It is because of this last feature that the amnion and allantois have 
arisen (Fig. 140). The amnion is a two-layered membrane growing 
out of the ventral wall of the embryo and entirely enveloping it. 
Between the layers is the amniotic fluid which not only guards the 
creature against mechanical jars but also serves to resist sudden 
changes of temperature which might be fatal to the growing young. 
Ill other words, the amnion is protective in its function. The 
allantois, on the other hand, is respiratory. It too is a double- 
layered or sac-like membrane arising in much the same way, an 
outgrowth in fact of the urinary bladder of the amphibian. It is 
abundantly supplied with blood-vessels directly continuous with 
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those of the embryo. The allantois lies, in its full development, 
immediately beneath the porous shell, through which oxygon can 
enter and, passing by osmosis through the allantoic membrane, 

oxygenate the included 
blood. Carbonic acid gas 
is given off at the same 
time. The blood stream 
now carries the oxygen 
to the embryo and brings 
out more waste and the 
process is continued. Thus 
it will be seen that the 
allantois has a function 
comparable to a lung and 
not to a gill, and it is to 
be doubted whether any 
reptilian egg could be 
placed in the water with- 
out drowning the embryo 
within. At all events, no 
reptile, bird, or mammal 
egg, each of which pos- 
sesses an allantois, is ever 
laid in the water, but al- 
ways on land, or else pro- 
vision is made for its 
retention within the ma- 
ternal body as in certain 
snakes, the ichthyosaurs, 
and all mammals above 
the Monotremata. 

From this it will be seen 
that reptiles may survive 
under conditions of aridity 
—many are true desert forms — where amphibia might perhaps live 
as adults but could not pass on their life to future generations. It 
is logical, therefore, to believe that whereas semi-aridity with 
seasonally recurring rains impelled amphibian evolution, true 
aridity with undependable rains or none at all, making amphibian 
economy impossible, stimulated the evolution of the reptiles. 



Fig. 140. — VertcV)rate embryos with their 
membranes. A, reptile or bird; B, placental 
mammal. In A the yolk-sac is functional and 
the allantois respiratory; in B the yolk-sac is 
fimctionless and the allantois becomes the 
nutritive placenta and umbilical cord. (After 
Wilder.) 
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CHAPTER XXX 


RISE OF REPTILES AND DOMINANCE OF DINOSAURS 
Origin of Reptiles 

The origin of reptiles from their ancient stegocephalian lineage 
took place in all probability in Carboniferous time, and before the 
close of the Permian many of the principal lines of evolution had 
become established. The evidence for this belief is partly direct, 
through the Permian paleontological record, and partly indirect, 
based upon the appearance in the Trias of groups which must have 
had a long antecedent evolution. 

The Permian strata record the actual presence of no fewer than 
seven out of the fifteen orders of reptiles which formerly existed, 
and while most of them are primitive forms as one would be led 
to expect, one group, the Mesosauria, represented by Mesosaurus 
(Fig. 141) from Brazil and South Africa, is noteworthy in being 
the first instance of the many which occur of the return of reptiles 
to the aquatic habitat. Yet more remarkable is the order Pelyco- 
sauria, particularly the so-called fin-back reptiles, among which 
certain genera have developed riotous growth, especially in the 
spinous processes of the vertebrae, some of which are extraordi- 
narily long while others have lateral processes developed on the 
spines like the yardarms of a square-rigged ship (EdaphosauruSy 
Fig. 142). These fin-backed forms can be viewed in but one light — 
they are racially senile, and their utter absence from overlying 
strata points to their speedy extinction. 

In addition to the seven recorded orders there is reason to be- 
lieve, on the grounds mentioned above, that at least six, possibly 
seven, others had Permian representatives. These are the Chelonia 
or turtles, the Sauropterygia or plesiosaurs, the Ichthyosauria or 
fish lizards, the Squamata (lizards only), the Rhynchocephalia or 
beaked reptiles, the Thecodontia or crocodile-like, and possibly 
the dinosaurs. Among these several are aquatically inclined, others 
terrestrial. The former have been discussed in part in the chapter 
on aquatic adaptation (Chapter XX), the latter, especially the 
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dinosaurs, will constitute the main theme of the present chapter 
and the next. 

Adaptive Radiation of Reptiles 

The jMesozoic era has been called the Age of Reptiles, for while 
higher forms, the birds and mammals, make their appearance 
during its course, arising in all probability when the era was yet 
young, they never seriously dispute with the reptilian horde their 
right to a place in the sun, in fact to all places wherein an animal 
could live. Thus the law of adaptive radiation, which originally 
was applied to the mammals, is equally applicable to these cold- 
blooded forms, for climatic zones were non-existent or but slightly 
differentiated and hence did not limit their poleward distribution 
as they do now, and, as a consequence, of the various habitats 
which the wide world displays, each had its admirably adapted 
reptilian denizens just as the world was later filled with mammalian 
hosts. 

Central Form. — The central form was doubtless a short-legged 
crawling cotylosaur, such as Limnoscelis (Fig. 143), a slow moving, 



Fig. 143. — Restoration of the Permian reptile, Liinyioscelis paludis, from 
New Mexico. (After a model by Lull.) 

primitive, probably swamp-dwelling type but potent in evolution- 
ary possibilities. From the cotylosaurs there arose in the course of 
time other more strictly terrestrial creatures such as the lizards, 
many of which have attained high adaptation to speed require- 
ments. Yet another ancient reptile, KadaUosauruSj from the 
Lower Permian of Germany, was a long-limbed, doubtless cursorial 
form. The cursorial adaptation par excellence , however, lay with 
the dinosaurs, as their bones and footprints show. 

Arboreal Habitat. — Arboreal habitat is difficult to prove on the 
part of any Mesozoic or older reptiles, for if any arboreal forms 
existed, their remains, in common with those of other forest-dwell- 
ing types, would have had little chance of natural entombment and 
subsequent preservation. But to-day the arboreal reptiles are 
numerous and varied; to realize this, one has but to recall the 
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geckoes with their adhesive padded feet, or the chameleons with 
syndactyl grasping hands and feet and prehensile tail described in 
Chapter XXI. There are authorities, moreover, whose belief in an 
arboreal ancestry for the birds is so firmly established that the 
presence of climbing reptiles even in the Triassic or earlier, while 
having no documentary evidence to its support, nevertheless is by 
them assumed a priori. 

Aerial Adaptation. — Aerial or volant reptiles such as the ptero- 
dactyls were finely adapted to their habitat, ranging as they did 
from the size of a sparrow to the largest of nature^s flying mecha- 
nisms, with ample powers both of varied and sustained flight, but 
their origin is lost through the imperfection of the record of Triassic 
life (see Figs. 78 and 79, Chapter XXII). 

Amphibious Forms. — Of the amphibious forms there were 
many, for increasing humidity — and we have ample evidence of the 
waxing and waning of moisture — brought with it extensive areas 
the peopling of which awakened the water-dwelling instinct that 
had long been dormant in the reptilian blood. Thus we have as 
partially aquatic forms the turtles, ancestral plesiosaurs (Notho- 
sauria), Parasuchia, Crocodilia, and many dinosaurs, such as the 
Sauropoda and Hadrosauria, or duck-bills. 

Aquatic Adaptation. — Truly aquatic life claimed in the course 
of time certain turtles, the great marine ones of to-day and still 
greater ones {Archeloii) of the Cretaceous, the plesiosaurs, meso- 
saurs, ichthyosaurs, sea-lizards (mosasaurs), the thalattosaurs, and 
sea-crocodiles or thalattosuchians (Fig. 60); in all, eight orders, 
either in their entirety or in large proportion. 

Fossorial Adaptation.— Fossorial animals are rare as fossils, 
for wliile burial is a prime requisite to fossilization, self-burial rarely 
carries with it the necessary imperviousness to air to insure preser- 
vation. Hence we cannot point to a single ancient reptilian group 
as of extensive fossorial habits, although in the cotylosaurs and 
pelycosaurs there are certain forms whose powerful implied mus- 
culature of arm and leg points to digging powers of no mean 
degree. That any were wholly fossorial like certain living snakes 
('Fyphlops) and limbless lizards (Amphisbcena) we have no proof. 

Adaptive Radiation of Squamata. — Thus it will be seen that 
during pre-Tertiary times the reptilian adaptations were ample 
and varied; with the dawn of the Tertiary, however, came the final 
extinction of all but four reptilian orders, one of which is repre- 
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sented by but a single relic form (Sphenodon) found to-day only 
in remote New Zealand. This widespread extinction necessarily 
restricted the range of adaptation, though within the group Squa- 
mata, which embraces the lizards and snakes, we have a latter-day 
radiation comparable in a very modest way to the great reptilian 
radiation of the Mesozoic. For example, we may enumerate: 

Ambulatory terrestrial: many lizards, horned toad. 

Cursorial: Chlamydosaurus, the Australian frilled lizard. 

Arboreal: chameleon (see Fig. 67), geckoes. 

Aerial : Draco , the flying dragon (see Fig. 69) . 

Fossorial: TyphlopSy Uromastix, amphisbienians (legless). 

Amphibious: many serpents, some of the monitors, Varanus 
which is a living relative of the ancient mosasaurs, the Gala- 
pagos sea-iguana Arnblyrhynchus (see Fig. 53), and others. 

Aquatic : the sea-snakes or Hydrophinse, all of which except one 
land-locked form in Lake Taal at Luzon, Philippine Islands, 
are marine and may be found many miles from land. 

To-day the lizards are kept in their place largely by the mam- 
mals. Were the mammals, including man, entirely blotted out so 
that this control would be removed, it is conceivable that out of 
the lizard-stock creatures would arise as diverse in habits, size, and 
prowess as were the reptiles of the Mesozoic, and that another 
Age of Reptiles would be ushered in. 

Dinosaurs 

The Age of Reptiles may well be called the Age of Dinosaurs, for 
so far as terrestrial creatures go they were all-important, the other 
reptiles individually and collectively forming but the supporting 
cast to these stars in the great drama of medieval life. 

Place in Nature. — That the dinosaurs were reptiles goes without 
saying, although their appearance, at any rate in the eyes of those 
who would restore them in the flesh, was sometimes so very similar 
to that of certain great mammals of to-day that the uninitiated 
often confuse relationships and think of Triceratops (Fig. 160), 
for instance, as merely a very huge and somewhat better armed 
sort of rhinoceros. As reptiles they were exclusively lung-breathing 
and had a large egg which they may or may not have laid before 
hatching. This is often merely a matter of family convenience as 
among certain snakes and we know that certain of the dinosaurs 
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were egg-laying. They were scaly or armored, this we know; 
whether they were cold-blooded or not is a debated question. Such 
activity as they must have shown seems to hint at a possibility of 
warm blood, and such a belief has met with some support, but in 
the tropical climate which their known habitat implies there was 
little more need of a heat-maintaining mechanism than there is in 
modern cursorial lizards, the Australian frilled lizard Chlamydosau- 
rus, for instance. There is no evidence on the part of dinosaurs of a 
heat-retaining '^clothing’' such as the birds and mammals possess. 

Living Relatives. — Of the forms now living, the crocodiles on the 
one hand and the birds on the other stand nearest the dinosaurs. 
When one comes to work out a concise technical description of a 
crocodile and place it beside that of a dinosaur, he will at once see 
the similarity of the two groups, for the only characters which are 
not common to both orders are the presence in the crocodiles of a 
false palate, merely a device for eating under water, found in other 
animals as well and the exclusion of the pubic element of the pelvis 
from their hip socket. 

Ancestral Stock. — Dinosaurs, as befits their high estate, were of 
ancient lineage. One of our best authorities on dinosaurian phy- 
logeny. Doctor Friedrich von Huene, derives them from the primi- 
tive cotylosaurian stock which arose in Carboniferous time and 
continued until the Trias. During Permian time there arose from 
the cotylosaurs the group Protorosauria, of which Protorosaurus is 
the type, and out of these in turn the Triassic Parasuchia. While 
all dinosaurs were derived from the same stock, they are consid- 
ered diphyletic from their origin; that is, the Ornithischia and 
Saurischia (see page 467) are unrelated except through a conmion 
ancestry. 

Duration. — ^The kno\vn record of dinosaurs extends from the 
Middle Triassic (Muschelkalk) to the very close of Cretaceous 
time. This is particularly true of the saurischian dinosaurs; the 
plant-feeding Ornithischia, on the other hand, do not appear in the 
fossil record until late Triassic (Rhsetic) but are doubtless older, 
their subsequent duration being coextensive with that of the others. 

Distribution. — Dinosaurs are first found in Germany, at Gogolin, 
Upper Silesia, but this does not necessarily imply that that was 
their original radiation center. On the contrary the belief has been 
expressed that one must go farther west, where a great continent 
is thought by some paleontologists to have extended across what 
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is now the North Atlantic basin, thus connecting Europe and North 
America, and that somewhere within the confines of this continent 
the dinosaurs arose and began their world-wide march of conquest. 
For they extend the world over, across the United States and into 
Canada; in Brazil, in Patagonia; from England, Belgium, France, 
and Portugal, to Germany and Austria; in far away India, even to 
Australia; in Africa in its central, eastern, and extreme southern 
part; and are now recorded in abundance and variety from Central 
Mongolia. Thus they were actually world-wide, except for New 
Zealand. 

Habitat. — Their habitat was varied, but in all probability their 
initial evolution, that for speed, took place under stress of semi- 
aridity of climate, and their main lines were eminently terrestrial 
forms. With the changing climatic cycles, which came with the 
passage of time, came dinosaurian adaptation to humid conditions, 
at least on the part of those we know, so that at least two groups, 
Sauropoda and Hadrosauridae, give evidence of an amphibious 
habitat. (See p. 465.) 

Habits. — In habits the dinosaurs were nearly as varied as the 
mammals are to-day — carnivorous, some small, preying upon such 
feeble folk as they might overcome, others gigantic, the most 
terrible terrestrial devourers of flesh the world has ever seen, 
^gain, others were herbivorous — some with feeble dentition, the 
food being drawn unmasticated down a most capacious throat, 
others with a dental apparatus for the reduction of the most re- 
sistant herbage such as would offer little promise of satisfaction 
to the living herbivores. In certain instances the teeth are greatly 
reduced, as in Diplodocus (Fig. 150) and Stegosaurus (Fig. 157), 
the reduction accompanying other signs of specialization. Yet 
others like Struthiomimus of the North American Cretaceous were 
utterly bereft of teeth. The dietary of such forms it is difficult to 
conjecture with any degree of certainty. 

Size. — The minimum recorded size, that of Compsognathus^ was 
about two and one-half feet, with the bulk of a domestic cat. The 
footprints of the Connecticut valley, however, record the existence 
of feet half as long as those of Compsognathus, hardly ^ terrible 
lizards as^e term dinosaur implies. The other extreme was 
reached by Gigantosaurus (Fig. 151) of East Africa, whose over-all 
length has been variously estimated by its Teutonic discoverers 
to be upward of 120 feet, but by Matthew not to exceed 80 feet. 



SAURISCHIA ORNITHISCHIA (Herbivorous) 



465 



466 


ORGANIC EVOLUTION 


Nevertheless it was an animal of such robust proportions that 
its weight must have been about 40 tons — greater than that of any 
living animal except the larger of the modern whales. 

Classification 

The classification of the dinosaurs is still in a somewhat un- 
certain state, owing largely to the fragmentary condition of much 
of the material, especially that from abroad. A somewhat con- 
servative grouping, listing the better known genera, follows: 

Order Sauiuschia (Carnivorous Theropoda and Amphibious Sauropoda) 
Suborder ccelurosauria (Carnivorous Dinosaurs) 
Podokesaurus — Triassic ; Massachusetts. 

H allopus — Triassic ; Colorado. 

Cwlurus — Jurassic; United States. 

Jurassic ; Bavaria. 

Ornitholestes — Jurassic ; Wyoming. 

Ornithomimus — Cretaceous; Wyoming and Alberta. 

Deinodonts — Giant Carnivores from Coelurosaurian Stock: 

Gorgosaurus — Cretaceous; Alberta and (?) Wyoming. 

Tyrannosaurus — Cretaceous ; W y oniing. 

Suborder carnosauria (Megalosaurs, Carnivorous) 
Anchisaurus — Triassic ; Connecticut valley. 

Zandodon — Triassic ; Europe. 

Plateosaurus — Triassic ; Europe. 

Megalosatinis — Jurassic to Cretaceous; Europe. 

AUosaurus — Jurassic; North America. 

Ceratosaurus — Jurassic ; Wyoming. 

Dryptosaurns — Cretaceous; Wyoming and Alberta. 

Suborder sauropoda (Amphibious Dinosaurs) 
Cetiosaurus—Jxmi^Ac ; Europe. 

Broritosaiirus-- Juvmmiy, Western United States. 

Diplodocus — Jurassic; Western United States. 

Bradiiosaurus — J i irassic; ; W y oniing. 

Pleurocoel J nr iisHic; United States and Europe. 

TzYano.scm/’Rs— Cretaceous; Europe, Africa, and South America. 
Gigantosaurus, Cretaceous; Africa. 

Order Ornithischia (Prcdentata, Beaked Dinosaurs) 

Suborder ornithopoda (Unarmored Herbivorous Dinosaurs) 
Nanosaurus — ^Triassic ; Colorado. 

Anonmpus (footprints) — Triassic; Eastern United States. 
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Camptosaurus — Jurassic; Western United States and ? Europe. 

Iguanodon — Lower Cretaceous; Europe. 

Hypsilophodon — Lower Cretaceous; Europe. 

Corythosaurus — Cretaceous; North America. 

Anatosaurm — Cretaceous; North America. 

Suborder stegosauria (Armored Herbivorous Dinosaurs) 

Scelidosmirus — Jurassic ; Europe. 

Polacanthus — Lower Cretaceous; Europe. 

Stegosaurus — Jurassic; Western United States and Europe. 

Palxoscincus — Cretaceous; Western North America. 

Ankylosaurus — Cretaceous; Western North America. 

Suborder ceratopsia (Horned Herbivorous Dinosaurs) 

Protoceratops — Cretaceous ; Mongolia. 

Monoclonius and Ceratop^ —Cretaceous; Western North America. 

Triceraiops — Cretaceous; Western United States. 

Torosaurus — Cretaceous; Western United States. 

Contrast of Phyla. — The two main phyla of dinosaurs to which 
the rather unwieldy names of Saurischia (Gr. (xaDpos, lizard, and 
IcjXtop, hip-joint) and Ornithischia (Gr. Sppts, bird) have been 
given, while undergoing in many ways a remarkable parallelism 
of evolutionary change, show notwithstanding some very constant 
contrasting features. These two orders may be thus briefly defined: 

Saurischia: Generally carnivorous, except the Sauropoda, with 
teeth in the anterior portion of the mouth; compressed, slightly 
curved crowns with serrated margins, or spoon- or pencil-shaped 
teeth. Without predentary bone connecting the two halves of the 
lower jaw; with powerful, sharp-pointed, curved claws, and dense, 
hollow bones with well finished articulations except in the Sauro- 
poda. Pelvis triradiate (see Fig. 144,B), with a hip-bone or ilium 
elongated fore and aft, a simple pubis directed downward and for- 
ward, and an ischium directed downward and backward. Includes 
the bipedal carnivores and the quadrupedal, amphibious, herbiv- 
orous sauropods. 

Ornithischia (Predentata) : Teeth in rear of jaws only, sometimes 
forming a wonderful magazine of successional teeth, and a toothless 
predentary bone in front which, with rare exceptions, opposed the 
equally toothless premaxillary bones above; premaxillary and 
predentary sheathed with horny skin or a turtle-like beak for the 
prehension of food. Limb-bones less compact and less well finished 
at their extremities than in the carnivores; claws depressed, some- 
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Fig. 144. — Pelvis of (A) predentate dinosaur (Ornithischia), Camptosaurus; 
and (B) carnivorous dinosaur (Saurischia), Allosaurus. One-twelfth natural 
size, a, acetabulum or hip socket; ilj ilium; fs, ischium; p, pubis; p', post-pubis. 
(After Marsh.) 
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times hoof-like. Pelvis tetraradiate (see Fig. 144, A) in that the 
pubis normally consists of two branches, one of which, the pre- 
pubis, extends downward and forward, while the post-pubis lies 
parallel with the ischium. The ornithischian pelvis and the ossified 
tendons are quite suggestive of those of a bird; the saurischian, 
on the other hand, is more crocodilian. 

Saurischia. Theropoda 

The earliest known dinosaurs belong to the Saurischia, and 
they exist with conservative changes to the close of the Mesozoic. 
The principal evolutionary changes which they show are a gradual 
increase in size of body and a proportionate decrease in that of 
the fore limbs, the function of which in bipedal Theropoda is not 
locomotion, but prehension. These creatures therefore walked or 
ran entirely on the hind legs, the anterior part of the body being 
balanced by the weight of the long, slender tail. When they ran 
the limbs were well under the body and the stride was alternate 
like that of an ostrich or bipedal lizard, as their numerous bird- 
like footprints impressed upon the sands of the Connecticut valley 
imply. Some of the better known carnivorous dinosaurs are: 

Coelurosauria. — These are in general the smaller and more agile 
of the carnivorous dinosaurs which, Matthew thinks, were largely 
upland dwellers. As a rule their bones were hollow and the entire 
skeleton light and bird-like. Their range is from the Triassic to 
the close of the Cretaceous, and they are widespread, being found 
in Mongolia, as well as in North America. During the Cretaceous 
they diverge into two races, the ornithomimes or bird mimics, 
represented by Struthiomimus and Orniihoininius, some of which 
at any rate were toothless and doubtless of omnivorous habits; 
and a group of huge Carnivora, the dcinodonts, which converged 
toward the megalosaurs and include among their number some of 
the most terrible devourers of flesh the world has ever seen. The 
culminating member of this subrace is Tyrannosaurus, described 
below. 

Representatives of this group are: Podokesaurus (Fig. 145), an 
extremely slender, agile, carnivorous dinosaur from the Triassic 
sandstones of the Connecticut valley (South Hadley, Massa- 
chusetts). The body, tail, and limbs were preserved in the one 
specimen known, unfortunately destroyed by fire, and indicate an 
animal about four feet in length of which the tail includes more 
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than half. Many footprints described under the name of Grallator 
(he who walks on stilts) were undoubtedly made by creatures sim- 
ilar to this. 

CceluruSy with bones so delicate that the walls of the vertebrae, 
for instance, are of paper-like thinness. It was a small form from 



Fig. 145. — Restoration of Podokesaurus holyokemis, Upper Trias, Connecti- 
cut Valley. Length, nearly four feet. (After a model by Lull.) 


the Morrison formation of Wyoming and the Potomac formation 
of Maryland, and is incompletely known. 

CcmipsognathuSj known from a very perfect skeleton from the 
Jurassic of Eichstadt, Bavaria, and coming from the famous Solen- 
hofen quarry which also produced Archxopteryx, the earliest known 
bird. Compsognathus, as has already been stated, is the smallest 
recorded dinosaur. 

Out of the famous Bone Cabin quarry in eastern Wyoming, 
where the author was initiated into the mysteries of bone-digging, 
and which has pro- 
duced Allosaurus 
(described below), 
comes OrnitJiolestes 
(Fig. 146), an ex- 
tremely slender form 

whose total length 

Tnnvo — Restoration of the small carnivorous 

dinosaur, Ornitholestesy based upon a specimen in the 
7 feet and whose American Museum of Natural History. Length 
bulk could not have seven feet. Jurassic, Wyoming. (After Lull, from 
exceeded that of a Schuchert’s ffisioncai Geo«off?y.) 

setter dog. This form had long, slender fingers none of which 
was armed with the cruel curved claws of the megalosaurs. 
This suggested the idea that perhaps it may have preyed upon 
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contemporary birds, so the name Ornitholestes, the ^^bird robber,” 
was given to it. Another suggestion was that it may have 
preyed upon fish, and its association with amphibious dinosaurs 
lends color to the proposition. Be that as it may, the contrast 
between the marked agility of Ornitholestes and the more pon- 
derous character of Allosmmis must have been rellected in the 
prey. A successor to the Jurassic Ornitholestes was Ornithorni- 
mus of late Cretaceous time, a form long known from its slender, 
very bird-like feet and a few other elements of its frame. The entire 
skeleton of an intermediate form, Struthiomimns, was discovered 
in Alberta in 1914. In its general proportions it is what one would 



Fig. 147. — Restoration of Tyrannosaurus, based upon a specimen in the 
American Museum of Natural History. Length, 47 feet. Cretaceous, western 
North America. (After Lull, from Schuchert^s Historical Geology.) 

be led to expect from the character of the feet, but the surprise 
came in the fact that its jaws are entirely toothless, the skull re- 
minding one quite forcibly of that of a large cursorial bird. 

Apparently out of coelurosaurian stock came an amazing race of 
giant carnivores, the deinodonts of the late Cretaceous, which in 
many ways paralleled the megalosaurs yet to be described. The 
more notable of these were Gorgosaurus and Deinodon, but espe- 
cially Tyrannosaurus (Fig. 147), the climax of evolution of the 
great flesh-eating dinosaurs. 

Tyrannosaurus reached a length of 47 feet and in bulk must have 
exceeded the largest of elephants. The massive hind limbs sup- 
ported the weight of the body and, in a standing position, the 
animal was 18 to 20 feet high. The head was 4 feet in length, and 
the powerful jaws bore teeth from 3 to 6 inches long. To this 
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armament were added the great eagle-like claws of the hind feet 
and probably of the fore feet, 6 to 8 inches in length. The fore 
limbs were relatively very small compared with the huge size of 
the animal but were probably constructed much as in Allosaurus^ 
with two or three large curved claws, the inner opposing the others. 
As the hands could not reach the mouth, it is difficult to conjecture 
their use other than in combat and possibly in mating. ^ 

Camo sauna. — Another group of carnivorous dinosaurs were the 
megalosaurs which ranged from the Triassic onward. Notable 
genera are Anchisaurus and Yaleasaurus known from more or less 
complete skeletons in the Connecticut Trias. The three most per- 
fect come from the town of Manchester and range in size from per- 
haps 5 to 8 feet. The hand was large compared with that of later 
forms and bore five fingers with one large and two smaller grasping 
claws. These skeletons are preserved at Yale. 



Fig. 148. — Restoration of Allosaurus, based upon the specimen in the 
American Museum of Natural History. Length, 34 feet. Jurassic, Wyoming, 
Colorado, and Maryland. 

Zanclodon and Plateosaurus were larger Old World forms; out of 
the latter (Pateosaurus) probably arose not only the later mega- 
losaurs but the amphibious dinosaurs (Sauropoda) as well. 

Among other genera are: Allosaurus (Fig. 148 and PL X), one 
of the best known of carnivorous dinosaurs, for there is in the 
American Museum of Natural History a practically complete 
skeleton mounted in a most lifelike pose. This creature is of great 
size, being 34 feet 2 inches in length by 8 feet 3 inches high in its 
present almost horizontal posture. It was collected from Como 
Bluff, near Medicine Bow, Wyoming, whence came so many of the 
wonderful dinosaurian and contemporaneous mammalian speci- 
mens which the Y ale Museum possesses. A llosaurus had a compar- 
atively inflexible though deep body and a tail which could undergo 
little movement as compared with that of a modern lizard or a 
snake, since its principal use, that of a counterpoise, was best 
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subserved by its being held out rather stiffly behind. The jaws 
were loosely hung and could evidently be opened very widely, 
and there is evidence of some movement of the upper jaw upon 
the cranium as though the chunks of the prey which the creature 
tore off were at times of considerable size or possibly the victim 
was swallowed whole. The teeth are compressed, recurved, and 
admirably adapted to the owner’s implied habits. Both hands and 
feet were armed with powerful curved claws, doubtless sheathed 
with talons like those of a huge eagle. 

Ceratosaurus, which is known from a single well-preserved skele- 
ton in the United States National Museum, was a contemporary 
of AllosauruSj though not so large. The remarkable thing about 
Ceratosaurus, as the name implies (Gr. /cepas, horn), is the pres- 
ence of a compressed, horn-like process upon the nose which must 
have borne a horny sheath. This is one of the extremely rare 
associations of the possibly defensive horns and carnivorous 
habits, for among the mammals, and indeed the later dinosaurs as 
well, it is the herbivores only which are thus endowed. 

In Europe and elsewhere than in North America the remains of 
carnivorous dinosaurs are far less complete, and as a consequence, 
except for some very well preserved Triassic types, we know 
but little of them. The generic name of Megalosaurus, which 
gives its title to the group, is applied to most of the later forms 
from the Jurassic to the final extinction, but doubtless covers as 
varied an assemblage of larger dinosaurs as lived in the New World. 

Sauropoda. — ^To this group various names have been given. 
They were called Cetiosauria by Seeley in allusion to their whale- 
like bulk, and Opisthocoelia by Owen because their neck vertebrae, 
which have a ball-and-socket articulation, have the concave facet 
behind and the convex one in front. According to the law of prior- 
ity this latter term takes precedence over the others, but Professor 
Marsh’s term Sauropoda is the one in most common use. 

These creatures were all quadrupedal, although there is reason 
to believe that when water-borne some may have reared up on the 
hind feet. Their backbone is a marvel of complexity and has been 
described in some detail in Chapter XII. The greatest economy of 
material is manifest in its structure, giving maximum strength 
with a minimum of bony substance. The limb-bones, on the other 
hand, are extremely massive, with very rugose ends, as though the 
joints were formed very largely of cartilage, in sharp contrast with 
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their bony perfection in the carnivorous forms. This imperfection 
of the joints in the Sauropoda admits of but one interpretation, 
a semi-aquatic life, when the weight, largely water-borne, did not 
subject the ends of the limb-bones to the mechanical impact as it 
would were the animal wholly terrestrial. A line drawn from 
shoulder to hip separates the lighter portion of the animahs frame 
from the weightier as though it represented the water-line. Ex- 
treme lightness, especially of the neck, is necessary that it be not 
unwieldy in the creature^s search for food, while weighty limbs were 
equally necessary to enable their owner to wade into comparatively 
deep water, for these forms were doubtless more wading than 
swimming in their habits. In order to support their huge weight, 
the limbs had become more or less pillar-like, as the straight limb- 
bones imply, and the sprawling gait of most living reptiles is un- 
thinkable with so ponderous a form. In 19.36 footprints of huge 
Sauropoda have been found in the bed of the Paluxy River, Texas. 
These deeply impressed tracks show conclusively that the animals 
walked as the mounted specimens imply. The absence of a tail 
trace shows that the tail was buoyed up by the water and did not 
drag on the ground. 

The teeth of the Sauropoda are clearly derived from those of 
carnivores, as they occupy the same place and arise in a similar 
way. They have, however, lost their sharp point and serrated 
margins and have become more or less spoon-shaped. As a rule 
they are large but in Diplodocus they are reduced to the size of a 
lead pencil and are confined to the extreme anterior part of the 
jaws. Claws also are clearly derived from those of carnivores, as 
they are laterally compressed, but not so curved, and give no 
evidence of grasping powers. The foot bore at least three such 
claws, while the hand evidently possessed but one. The food must 
have consisted of some abundant and easily obtainable aquatic 
plants which were probably dislodged by the claws and rake-like 
teeth and swallowed without mastication. The occasional pres- 
ence within the ribs of highly polished siliceous pebbles of a ma- 
terial foreign to the matrix in which the specimens were found 
points to some sort of a muscular gizzard-like structure which, 
aided by the stones, could reduce the otherwise inert mass of 
food to a proper condition for subsequent digestion. Such a 
thing is known in some existing animals, such as certain birds 
and seals. 
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Among the notable sauropod genera is Brontosaurus (Fig. 149 
find PI. XI), of which the very complete original specimen is pre- 
served at Yale. Another specimen of similar proportions in the 
American Museum of Natural History measures 66 feet 8 inches 
long and had an estimated living weight of 38 tons. This speci- 



Fig. 149. — Restoration of Brontosaurus, based upon a specimen in the 
American Museum of Natural History. Length, about 67 feet. Jurassic, 
western North America. (After Lull, from Schuchert’s Historical Geology.) 

men is from the Jurassic near Medicine Bow, Wyoming, and the 
Yale specimen came from Como Bluff, half a dozen miles away. 

Diplodocus (Fig. 150), another well-known sauropod, differs 
from Brontosaurus in the more slender form, so that even with a 
length of 87 feet it was by no means so weighty as the latter. All 
of these creatures had most of their length in the extremely slen- 
der neck and tail, the body being comparatively short and com- 
pact, quite elephantine in fact, especially when viewed in conncc- 



Fig. 150. — Restoration of the sauropod dinosaur, Diplodocus, based upon 
the mounted specimen in the Carnegie Museum. Length, 87 feet. Jurassic, 
Wyoming. (After Lull, from Schuchert’s Historical Geology.) 

tion with the limbs. In Diplodocus the terminal ten feet of the tail 
was like a whiplash, as the contained vertebrse did not decrease fur- 
ther in size. This may have proved a very efficient weapon of de- 
fense if its use was analogous to that of certain modern lizards in 
which the tail has much of the effectiveness of a black-snake whip. 
Aside from this caudal whiplash the Sauropoda were apparently 
unarmored and weaponless, relying entirely upon their huge bulk 
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or upon submergence for immunity from attack. An essentially 
complete skeleton of Diplodocus from Sheep Creek, Wyoming, 
about 15 miles from Bone Cabin quarry, is now mounted in the 
Carnegie Museum at Pittsburgh. 

By far the most gigantic of sauropods has been made known to 
us in its entirety from Tendaguru, Tanganyika, whence the German 
expeditions have secured a large amount of material. To this 
creature the appropriate name of Gigantosaurus has been given. 
If its proportions were those of DiplodocuSj as the German authori- 
ties at first imagined, 120 feet for its total length would not be far 
from right, but the tail proves to be short, which brings the length 



Fig. 151. — Restoration of Gigantosaurus^ the most ponderous sauropod. 
Length, about 80 feet. Cretaceous, East Africa. (Modified from Matthew.) 

down to 80 feet or more. Matthew therefore regards the creature 
as somewhat exceeding Brontosaurus and Diplodocus in total bulk, 
but distinguished by much longer fore limbs and an immensely 
long neck — a giraffe-like wader adapted to take refuge in deeper 
waters, more out of reach of the fierce carnivores of the land. (See 
Fig. 151.) 

Not all Sauropoda, however, were large, for an adult form, 
PleurocceluSj from the Potomac beds of Maryland, had a total 
length which did not exceed 12 or 13 feet. 

The Sauropoda, judging from their huge bulk, were evidently 
senile forms, and one would hardly expect their survival over a 
long period of geologic time, so that while their more conservative 
relatives, the carnivores, persisted, most of these forms were early 
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released from the excessive burden of the flesh and suffered racial 
death early in Cretaceous time, some millions of years before the 
passing of the dinosaurian dynasty, except for a few, which found 
asylum in the more remote portions of the earth and apparently 
survived until toward the close of the Cretaceous. We know of no 
reason, other than a restriction of their peculiar habitat, for their 
extinction. 
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CHAPTER XXXI 


BEAKED DINOSAURS AND ORIGIN OF BIRDS 
Ornithischia or Beaked Dinosaurs 

The general characters of the Ornithischia, the predentate or 
beaked dinosaurs, have already been given (see page 467). They 
were derived in common with the Saurischia from the parasuchian 
stock, and the Ornithopoda, the more conservative of them, under- 
went an evolution which very closely paralleled that of the car- 
nivores. Like the Saurischia, they too gave rise to aberrant races, 
which however did not as with the Sauropoda emphasize bodily 
bulk so much as arms and armor, and among the later of them were 
those whose grotesque bizarrerie exceeded that of any known ter- 
restrial forms. None of the Ornithischia was huge compared 
even with some carnivores, and their bulk was vastly less than that 
of Brontosaurus. 

First Record. — The first known record of Ornithischia is that 
of their fossil tracks upon the Connecticut valley^s late Triassic 
rocks, for with some of ^the footprints are seen the impressions of 
smaller hands whose five fingers were armed with rounded claws, 
like those of known predentates but totally dissimilar to the grasp- 
ing claws of a carnivore (Fig. 94), And in contemporaneous rocks 
from far-off Colorado has been found Nanosaunis which has been 
recognized as pertaining to this order. Doubtless the Ornithischia 
antedated the close of Triassic time, but there is little evidence 
that their antiquity is as great as that of the Saurischia. 

Ornithopoda. — As we have seen from the classification (page 
465), three suborders of Ornithischia are recognized. Of these the 
first is the Ornithopoda, which includes bird-footed forms, un- 
armored, and bipedal in gait, though unlike the carnivores they 
occasionally assumed the quadrupedal posture while resting or 
feeding. Two of the more notable genera are the Connecticut 
valley Anomoepus (see Fig. 94) and Sauropus — known only from 
the footprints and with an estimated length varying from two to 
eight feet. The Colorado Nanosaurus mentioned above is another 

478 



BEAKED DINOSAURS AND ORIGIN OF BIRDS 479 


small form, as yet imperfectly known. These are all Triassic. 
Jurassic Ornithopoda are unknown in America until near the end 
of the period, though they presumably lived in some part of the 
continent, the absence of a fossil record corresponding to the 
absence of strata suitable for their preservation. 

The late Jurassic (Morrison formation) is characterized by two 
American genera, Laosaiirus, a slender type not exceeding six 
and one-half feet in length, and Camptosaurus (Figs. 152; 156, A), 
vseveral more or less complete skeletons of which are known from 
Wyoming. The latter are conservative in character and in size, 
ranging from 7 to 17 feet. 

A related form is Iguanodon (Figs. 153; 154; 156,B) from 
Europe, known from no fewer than seventeen remarkably pre- 



Fig. 152. — Restoration of the predentate dinosaur, Camptosaurus. Average 
length, about 10 feet. Late Jurassic, North America. After Lull, from 8chu- 
chert’s Historical Geology.) 

served skeletons found in a coal mine at BerniSvSart in Belgium. 
These creatures had evidently fallen into an open fissure in the 
ancient Carboniferous strata and there, unable to extricate them- 
selves, they died, were buried, and were subsequently preserved 
together with the remains of other reptiles. Their skeletons, ten 
of which are mounted erect, the others prone on the rock, are to 
be seen in the Brussels Museum of Natural History. Iguanodon 
was about 34 feet in length and bore upon the hand by way of 
weapon a peculiar spike-like thumb. Remains of the genus have 
also been found on the Isle of Wight, whence it was described by 
Sir Richard Owen long before the fortunate Belgian discovery. 
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The English Wealden besides yielding Iguanodon has produced 
a smaller form, Hypsilophodorij peculiar in having teeth in the 
anterior part of the mouth, a characteristic which distinguishes 
it from every other beaked dinosaur except Protoceratops (see page 
488) of which our knowledge is sufficiently complete to make a 
comparison, and in this regard it must be a persistently primitive 
form. Possibly the Triassic forms also possessed these teeth and 
this may yet be proved. Both Camptosaunis and Iguanodon are 
known from the European Middle Jurassic on. 

The Cretaceous of Tendaguru, Tanganyika, whence came the 
Gigantosaurus (see page 476), has also produced an Iguanodon- 



Fig. 155. — Restoration of Anaiosaurus, based upon the mounted skeleton in 
the Yale Peabody Museum. Length, 29 feet. Cretaceous of North America. 
(After Lull.) 

like form, but the details of its structure are not yet announced 
from Berlin. 

Cretaceous time produced several genera of Ornithopoda, which 
may collectively be called duck-billed dinosaurs from the peculiar 
character of the mouth, the anterior part of which was often broad 
as the name implies while the hinder portion of the jaws con- 
tained the wonderful dental battery of which we have spoken. No 
creature of whatever sort is known to have possessed more teeth 
than Anatosaurus, the terminal member of the race. 

Anatosaurus (Figs. 155; 156, F; PI. XII) is the best known genus, 
as mounted specimens from Wyoming and Montana may be seen 
at the Yale, American, and United States National Museums. 
Its length did not exceed 30 feet but it was a fine cursorial type. 
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It also possessed a powerful tail which, judging from the vertical 
expansion implied by the bones, was admirably adapted for 
swimming; for Anatosaurus was the contemporary of Tyranno- 
saurus and the swimming tail must have been most effectively used 
when, hard pressed, it took to the water for safety. Several mum- 
mied specimens of Anatosaurus have come to light, one of which 
from Wyoming, preserved in the American Museum, is truly 
marvellous in the degree of its perfection, for not only is the skele- 
ton entirely articulated except for its hind feet and tail, but the 
skin, shrunken down on the bones by the heat of the sun imme- 
diately after death, is also perfectly preserved, together with traces 
of muscles and tendons. The skin was utterly without defensive 
armor, for as now preserved it is very thin and is covered with 
small tubercle-like scales. The hands, which possessed four fingers, 
were webbed, as were probably also the feet. 

Anatosaurus comes from the close of the Cretaceous, the so-called 
Lance formation. In rocks of a preceding age, Belly River and 
Edmonton, there have been discovered some curiously grotesque 
allied forms, Saurolophus with a backward extended crest on the 
skull, and Corythosaurus with a most remarkable helmet-like 
heightening of the cranium. Both of these are known from articu- 
lated specimens collected in the Red Deer region of Alberta, 
Canada, by Mr. Barnum Brown, who by his discoveries has 
brought us to a clearer understanding of so many of the formerly 
ill-known Cretaceous forms. These creatures, however, were not 
confined to the West, for the New Jersey Cretaceous marl beds 
have produced Tladrosaurus, an ally of Anatosaurus and a form 
which has been known to science for many years (see Fig. 156). 
Hadrosaurs are also known from Mongolia. 

Stegosauria. — The Stegosauria or armored dinosaurs were all 
(luadrupedal, doubtless owing to the great weight of their arma- 
ment. The armor took the form of high crested plates or spines, 
or of massive armor plates sometimes welded into a broad cuirass 
over the hips, evidently the most vulnerable portion of the crea- 
ture’s anatomy. They may well have evolved from the iguanodont- 
like dinosaurs, developing the armor and consequent modifications 
of the frame as a defense against their carnivorous enemies. The 
degree of perfection of the armor in some of the later forms is such 
as to render them practically invulnerable to any form of animal 
attack. 
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The oldest known stegosaurian is Scelidosaurus from the English 
Lias (Lower Jurassic) formation, where the single known specimen 
was entombed, strangely enough, in marine strata, due probably 
to its floating carcass having drifted out to sea from some ancient 
river beside which it lived. As preserved in the British Museum 




Fig. 156. — Skulls of unarmored predentate dinosaurs. A, CamptomimiSf 
and B, Iguanodon, Jurassic and Lower Creta(*eous; C, Kritosaurus, and D, 
Corythosaunis, Mid-Cretaceous (Belly River); E, Saurolophus, late Cretaceous 
(Edmonton); F, Anatosaurusy latest Cretaceous (Lance). All one twenty-fifth 
natural size. (After Matthew.) 


of Natural History, Scelidosaurus is only 12^ feet long and its 
armor consists of two rows of oval bony scutes each with a low 
fore-and-aft keel not unlike similar elements in a modern crocodile. 
In addition to these there are a pair of large spines on the shoulders. 
In late Jurassic and early Cretaceous (Wealden) time we have 
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recorded several armored dinosaurs in England and the adjacent 
continent, known as Polacanthus and Omosaurus, Of these the 
former is small, not over 12 feet in length by 3 in height, with a 
broad rurnp-shield formed of coalesced plates, and sundry spine- 
like plates which have been arranged by the restorer in two rows 
along the neck, back, and taiL Their precise position, however, is 
not assured. Omosaurus is another heavily armored form, some 
species of which were very large; it is as yet incompletely known. 

Stegosaurus (Figs. 157; 158; PI. XIII) was a late Jurassic type, 
but in spite of the fact that it has given its name to the group of 



Fig. 157. — Restoration of the armored dinosaur, Stegosaurusy based upon the 
mounted skeleton in the Yale Peabody Museum. Length, about 20 feet. 
Jurassic, Wyoming and Colorado. (After Imll, from Schuchert’s Hidoricnl 
Geology.) 

armored dinosaurs, it was not typical, being a highl}' spinescent 
senile side branch which died out without issue. In many ways 
this was the most grotesque of dinosaurs, an awkward angular 
brute, very high at the rump and low at the withers, with the back 
ornamented by two rows of huge upstanding plates and the end 
of the tail armed with fearful horn-like spines 25 inches or more 
in length. The huge plates which ran along the back culminated 
in the ones over the pelvis or the base of the tail, beyond which 
they diminished. A study of the skeleton mounted at Yale and 
another articulated specimen at Washington betrays great mus- 
cular power especially in the tail and hind limbs. The inference 
is therefore that the plates served for passive, the spines for active 
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defense, possibly offense. But the nervous system of Stegosaurus 
is the most remarkable feature, for its brain was very diminutive, 
the entire cranial cavity having a volume of but 56 c.c. Thus the 
estimated weight of the brain could not have exceeded two and 
one-half ounces, while the total weight of the animal must have 
been greater than that of the largest of living elephants whose 
brain averages at least 8 pounds and may run to nearly 11, 80 
times that of the dinosaur. In comparing the relative potential 
intelligence of the two, one has also to bear in mind the great 
preponderance of the cerebrum, the seat of intellect, over the 
other parts of the ele- 
phantine brain, while 
in Stegosaurus the 
cerebrum constituted 
hardly more than a 
third of the entire 



brain weight. Or, as 
Professor Williston has 
expressed it, the scat 
of a stegosaur’s intelli- 
gence is no greater in 
volume than that of a 
t h r e e -weeks-old kit- 
ten! In contrast with 
the diminutive brain- 
case, however, the 
neural canal in the 



Ftc.. 158. — Brain space (A) and sacral enlarge- 
ment (B) of the s|)inal canal of Stego.^aunis. Drawn 
to scale, one-fourth natural size. (After Lull.) 


sacrum is of startling dimensions, for a cast thereof displaces no 
less than 1200 c.c. of water, thus giving it a mass more than 
twenty times that of the brain. This was the seat of the reflex 
and coordinating control of the huge hind limb and caudal mus- 
cles and is further evidence of their very frequent and effective 
use. The life of Stegosaurus was not psychological, but essentially 
physiological — an animated, largely automatic machine 1 

The Cretaceous rocks of North America have produced other 
more conservative armored dinosaurs, NodosauruSj AnkylosauruSy 
and Palseoscincusj of which the last is the best known. Ankylosau- 
rus was a contemporary of Tyrannosaurus and the duck-billed 
dinosaurs, and was not unlike a huge horned toad. The head was 
broadly triangular with a horny beak and very feeble teeth, while 
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the trunk was covered with a veritable cuirass of keeled and spined 
plates which formed an invulnerable armor. The tail was also 
enclosed in a bony sheath which probably bore spines, like the 
battle-mace of a mediaeval knight, and was the offensive weapon. 
Even Tyrannosaurus could not effectively attack one of these 
creatures when it settled down and tucked in its short legs beneath 
its body. 

Ankylosaurus was a remarkable reptilian prototype of the 
armored mammalian glyptodonts of the Pleistocene, the similarity 
even extending to a club-like fusion of armor on the tail, especially 
in the genus Dcedicurus. In Dcedicurus^ day it was the great saber- 
tooth cat, Smilodon^ against whose attacks the creature may have 
guarded itself in much the same way as the ankylosaur met those 
of Tyrannosaurus (see Chapter XXXVIII). 

Ceratopsia. — The horned dinosaurs, or Ceratopsia, are, except for 
Mongolia, largely North American, and more than that, their 
remains come almost entirely from the eastern uplift of the Rocky 
Mountain region from Alberta to New Mexico. That they lived 
only within these narrow limits, however, is hardly to be supposed. 
Their geologic range is also brief in extent, as they are confined 
exclusively to the Upper Cretaceous period. The degree of their 
evolution when they first appear is, however, indicative of an 
origin not later than the lower Cretaceous. 

Triceratops (Figs. 159,C; 160) is a late Cretaceous member of the 
group, but is-the best known and may be taken as typical. It was 
a huge creature of rhinocerine aspect, from 20 to 25 feet in length, 
of which from one-quarter to one-third consisted of the great head, 
for whereas in all other dinosaurs the head is small, here the reverse 
is true. This is due partly to the great expansion of the cranial 
roof for the support of the horns, but particularly to the backward 
extension of the rear of the skull into a widely expanded frill or 
crest for the protection of the neck, and also for the attachment 
of the powerful muscles of the back of the neck, giving this group 
of animals tremendous prowess, correlated with their armament 
and the great bulk and power of the enemies which they were called 
upon to withstand. One Triceratops skull in the Yale collection 
measures 8 feet 4 inches over-all, and that of the allied Torosaurus 
8 feet 7 inches, making the latter the largest known skull of a 
land animal. 

The skeleton of Tneera^ops gives evidence of enormous strength, 
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especially in the great fore limbs and shoulders. But the arma- 
ment was the most striking thing, for the mouth was armed an- 
teriorly with a sharp cutting beak like that of a turtle, and the 
nose and portion of the skull above the eyes bore huge horns, three 
in number, hence the name Triceratops (three-horned face). In 
the earliest American forms the nasal horn was always the domi- 
nant one, straight or curved either forward or backward, while the 
frontal horns above the eyes ranged from mere rudiments to 
fairly well developed organs. The principal Belly River genera 



Fia. 159.— Heads of horned dinosaurs, Ceratopsia. A, Monoclonius, Upper 
Cretaceous (Belly River); B, Siyracosaurus, Belly River; C, Triceratops, upper- 
most Cretaceous (Lance); and D, Torosaurus, Lance. Drawn to scale. Toro- 
saurus skull 8}^ feet long. (After Lull, from Schuchert’s Historical Geologij.) 

were Monoclonius (Fig. 159, A) and Ceratops. Another was Styra^ 
cosaurus (Fig. 159 ,B), which was remarkably spinescent, having a 
huge straight nasal horn and at least eight more horn-like x^rocesses 
around the margin of the frill. The crest in all of these earlier types 
was incomplete in that it was penetrated by two large apertures, 
one on either side. In the latest Lance forms the frontal horns were 
predominant, and were very long in the later types, while the nasal 
tended to reduce, becoming entirely obsolete in one genus. Dicer- 
atops. Triceratops and Dicer atops both had a completely bony frill 
with no trace of the ancestral apertures. In Torosaurus (Fig. 
159, D), on the other hand, while the horns were like those of Tricer- 
atops, the two apertures still persisted in the immensely expanded 
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crest. That these horns and the defensive frill were put to actual 
use is highly evident, for broken and healed horns, broken jaws, 
and punctured crests are not unusual with these skulls. And these 
are the deep and grievous wounds, doubtless few compared with 
the many superficial injuries which the creatures must have suf- 
fered in the combats of rival males or in defense against their arch 
enemy, the tyrant saurian. The Mongolian Protoceratops, at least 
structurally ancestral, possessed the bony frill but was hornless. 
This animal laid some of the dinosaur eggs found by the Andrews 



Fig. 160. — Restoration of the horned dinosaur Triceratops. Length 20-25 
feet. Upper Cretaceous (Lance), western North America. (After Lull, from 
Schuchert’s Historical Geology.) 

Expedition to Mongolia, and not only were the eggs found, but 
72 skulls representing the entire ontogeny from the unhatched 
young to the full-grown animal, which is believed to be without 
parallel in vertebrate paleontology. 

Summary 

As in the history of nations the members of various human races 
intermingle, so the dinosaurs are interwoven not alone with the 
various types of their own stock, but with the other kinds of an- 
imals and plants which together with physical conditions go to 
make up the environing complex. A summary of the changing life 
conditions with their influence on the successive dinosaurian so- 
cieties is necessary to an understanding of their evolution. 

The first relics of dinosaurian life are found in the early Mesozoic 
(Mid-Triassic) rocks of Central Europe, though as they appear 
shortly after in those of North America one is led to infer that the 
initial evolution occurred in what may have been an annectant 
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land mass lying across the North Atlantic. Ancestrally, the dino- 
saurs were quadrupeds remotely related to the crocodiles; but the 
increasing aridity of climate, clearly indicated by the character 
of the geologic sediments, placed a high premium on ability to 
travel rapidly and far in search of food and drink, and may well 
have been the impelling force that raised these creatures erect from 
the prone gait and posture of their progenitors and stimulated their 
rapid evolution into the several types. 

The so-called continental rocks include such as are formed by 
stream-borne and lake-borne sediment or by sands and volcanic 
ash carried by the winds. In contrast to marine deposits these are , 
extremely scarce, and yet they alone, with rare exceptions, contain 
the remains of terrestrial animals. We are given, however, aside 
from scattered records, three or four vivid pictures of the environ- 
ment, both physical and organic, wherein the dinosaurs dwelt. For- 
tunately for us these glimpses are given in the early stages, in the 
middle, and at the close of the dinosaurian career, showing the race in 
the period of its youth, its full maturity, and in its extreme old age. 

Triassic. — The first of these pictures is of great interest, for the 
scene is laid in what is now the Connecticut valley; the time, late 
Triassic. Here one must imagine a broad valley rimmed by environ- 
ing uplands of older rocks, in its climate and sparse vegetation^ 
similar to the conditions to be seen to-day by the traveler through 
the semi-arid regions of the great Southwest. The plant life is 
somber: huge scouring rushes, ferns, and pines, with no flowering 
plant to break the monotony of the dull dust-covered greens. Here 
and there arc dry stream-beds carrying at times great floods, while 
occasionally there are formed extensive bodies of water with char- 
acteristic insects and other invertebrates, fishes, and crocodile-like 
reptiles. In the Connecticut valley deposits, skeletons are ex-' 
tremely rare and the few which have been found are largely those 
of dinosaurs, and in but three or four localities. The footprints, 
however, for which this region is justly famous, are numberless, 
and indicate hosts of creatures of more than a hundred kinds, as 
full a record of vertebrate life as in any other time and place in 
the geologic past. The dinosaurs are mainly carnivorous, though 
impressions of the feet of herbivores give indubitable evidence of 
their presence at this time. 

Jurassic. — During the long Jurassic period, the second divisioS; 
of the reptilian age, the known fossil-bearing rocks are so largely^ 
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of marine origin that, except for rare instances where the animal 
has accidentally been carried into the sea, the record of terrestrial 
life is almost a blank. At the close of the Jurassic, however, we 
have another glimpse of well-nigh the entire assemblage of dino- 
saurian life. The scenes are laid along the eastern United States 
from Maryland southward, but more notably in Wyoming, Colo- 
rado, and Utah, and in the Old World in southern England and 
northern France and Belgium. In contrast with the aridity of the 
former scene the climate is now moist, and the eye ranges over an 
extensive, low-lying country with misty bayous in which the huge 
Sauropoda, now in the flower of their evolution, find retreat. In 
Europe and western America the vegetation, though far more lux- 
uriant, is of the same monotonous type as that of the Trias; but 
in central and eastern America appear representatives of the flow- 
ering plants, the dominant flora of to-day. Here are predentate 
dinosaurs, armored and unarmored, and while the former are still 
relatively few. Stegosaurus already shows the senile grotesqueness 
which heralds its extinction. Carnivores small and large, now in 
their millennium of numbers and differentiation, ceaselessly seek 
their prey. 

Late Cretaceous time ushers in the third and last scene, of much 
the same geographic extent as before, but with the sharp contrast 
of an essentially modernized flora, for the forests now contain many 
familiar trees and plants though often in unfamiliar combinations. 
Again our record is of low-lying country — stretches of everglade 
and swamp lands with higher areas between — but the denizens 
have changed; for while the carnivores are now in their maximum 
of size, the Sauropoda have run their course and, except for a few 
remote survivors, are largely extinct. Unarmored dinosaurs are 
in their prime, only in rare cases showing indications of degeneracy, 
while the relatively few heavily armored types are represented by 
the most impregnable of their race. The horned dinosaurs begin 
and end their brief evolutionary career. 

Thus it will be seen that the law of the balance of nature was 
as operative during the Mesozoic as it is to-day, and that as the 
carnivores grew and waxed mighty, the herbivores were forced 
to meet the menace of their aggression in several ways; either by 
increase in numbers, for the remains of carnivores are very rare 
compared with those of the herbivorous orders, or by speed, or by 
increase of bulk, which also meant a partial forsaking of the ter- 
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restrial habitat as with the Sauropoda and Hadrosauridse. Or 
it meant the development of armament, either of defensive armor 
as in the stegosaurs, or of aggressive armor and weapons as in the 
ceratopsians. The lack of brain power placed a premium upon 
brutality, and never, perhaps, before nor since has the animal 
world felt to so great an extent the burden of preparedness. 

Extinction. — One of the most inexplicable of events is the dra- 
matic extinction of this mighty race, for in the rocks of undoubted 
Tertiary age not a single trace of them remains. One student 
has argued internecine warfare amongst the dinosaurs themselves ; 
another, the destructive slaughter, not of adults but of the young, 
X)ossibly while yet in the egg, by small bloodthirsty mammals; 
yet another, change of climate, either by the diminution of the 
necessary heat without which no reptilian race may thrive, or of 
the moisture with an accompanying change of vegetation. These 
are all conjectural causes of extinction; but this we know, that 
with the extensive changes in the elevation of land areas which 
marked the close of the Mesozoic came the draining of the great 
inland Cretaceous seas along the low-lying shores of which the 
known dinosaurs had their home, and with the consequent restric- 
tion of old haunts came the blotting out of a heroic race. Their 
career was not a brief one, for the duration of their recorded evolu- 
tion was thrice that of the entire mammalian age. They do not 
represent a futile attempt on the part of nature to people the world 
with creatures of insignificant moment, but are comparable in 
majestic rise, slow culmination, and dramatic fall to the greatest 
nations of antiquity. 

Origin of Birds 

Birds are doubtless derived from the same stock as gave rise to 
the dinosaurs, the Pseudosuchia, and Huxley years ago recognized 
the very close reptilian affinities of the birds by calling them 
^ ‘ glorified reptiles. ’ ’ 

Avian Distinctions. — The principal points of contrast between 
birds and the reptilian dinosaurs of the more generalized type lie 
not in the character of the pelvis or of the foot, nor in the pres- 
ence of ossified tendons along the vertebral column, nor in the 
presence of teeth, for these are all likenesses, and only a few out of 
many such. The main distinctions are due almost without excep- 
tion to the assumption on the part of the bird of aerial life, and 
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hence the birds may be considered simply the volant branch of a 
group of which the dinosaurs were the terrestrial members. 

As a result of their flying adaptation, birds have the fore limbs 
transformed into wings, and the scales, except for those on the 
feet, altered into feathers for warmth and to increase the support- 
ing surface. The blood becomes warm, with an adaptation to main- 
tain it at a given temperature, which may, however, have been true 
possibly to a limited extent of the dinosaurs. The birds also have 
developed pneurnaticity of the skeleton for lightness as in the 
coelurosaurs and an extensive system of air cells tliroughout the 
body. Their organs of nutrition are highly developed because of 
the great expenditure of energy which flight necessitates, and their 
circulation is very perfect, which again may have been true of 
dinosaurs, but this we have no means of knowing. The loss of teeth 
is foreshadowed in the 4i^^osaurs, the dental battery of several 
being a very inadequate thm^!!tnot so efficient in fact as that of the 
Cretaceous birds, while in Struthiomimus teeth were entirely lacking. 

Origin of Flight 

Several hypotheses have been advanced to account for the 
origin of flight, one group of authorities postulating an antecedent 



Fig. 161. — Restoration of a hypothetical proavis, or ancestor of the birds, 
(After Nopesa.) 

arboreal life, while others would derive flying forms from those of 
cursorial habits, and yet others have believed that the birds are 
diphyletic, the carinate or flying birds having an arboreal ancestry 
while the ratite or cursorial birds were of terrestrial stock. 

Cursorial origin of flight has been advocated mainly by the 
Hungarian paleontologist, Francis Baron Nopesa. A discussion 
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of his theory follows. Nopcsa did not believe that the flight of 
bats and pterodactyls, which fly by means of patagia, and birds, 
which fly by means of feathers, could possibly have arisen in the 
same way, for the patagium-nier must always adapt both fore 
and hind limbs and tail to the support of the membrane, whereas 
in a generalized feathered animal only the feather-supporting ele- 
ments need become affected by volant specialization. The de- 
velopment of the posterior limb in such an animal is but little if 
at all affected by the development of flight. The hind limbs of 
birds are so similar in structure to those of the cursorial dinosaurs, 
in which so far as we know no flying powers were ever developed, 
that the type of modification which they both represent can only 
be interpreted in the light of a function possessed by each. 

The inference is therefore that birds arose from bipedal long- 
tailed cursorial reptiles which, during running, oared along in the 
air by flapping their free anterior extremities. These would of 
course be more effective if their breadth could in some way be 
increased to give them a greater bearing surface, and the increasing 
size of the scales along the arm margin would be a ready means to 
this end. Similar scales might develop along the margins of the 
tail for the same reason that lateral hairs have developed on the 
tail of certain bipedal mammals (jerboa, see Fig. 48). These 
scales would extend, lighten, and ultimately evolve into feathers 
which would not only subserve the function of flight but, acting 
as clothing, retain and aid in the increase of temperature, which 
in turn would help to improve both the physical and mental activ- 
ity of these forms; and this is a sufficient reason for the dominance 
of the birds over all other aerial rivals and for their survival after 
the extinction of their dinosaurian kindred. 

A Danish scientist, Gerard Heilmann, who has made an ex- 
haustive study of bird origin, does not accept Nopesa^s theory, for 
with purely cursorial animals the grasping hind toe or hallux tends 
to vanish and the fore limbs to reduce in size rather than elongate. 
He believes, on the contrary, that the birds and certain dino- 
saurs come from a common arboreal stock, from which the latter 
early returned to a terrestrial mode of life. On the part of birds 
the return was long delayed until after the assumption of flight. 

The pro-avian was therefore a form intermediate in structure 
between certain Pseudosuchia, such as the Triassic OrnithomchuSy 
and the Jurassic Archxornis {Archaeopteryx in part), the earliest 
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known bird. It had grasping feet which were in no way concerned 
with flight as with bats and pterodactyls, a hand with three long, 
slender fingers, and an elongated reptilian tail. In some of the 
pseudosuchians the scales are already elongating and show strise 
indicative of the way in which feathers arose, for the feather may 
be considered as a long, frayed-out scale. Heilmann thinks that 
the feathers first evolved as a heat-retaining clothing, from which 
their supporting function along the margins of the fore limb and 
tail could readily be derived by further elongation. The pro-avians 
used arms and tail for support in their soaring leaps from tree to 
tree or to the earth, for it is conceivable that, while good climbers, 
they were also well able to run on the ground, in contrast to the 
helplessness of bat or pterosaur under like conditions. In either 
situation, in contrast to their sluggish reptilian forebears, the 
birds were always active animals in the pursuit of their prey, which 
not only stimulated the evolution of warm blood and of flight but 
made them dominant forms in their true environment, the air. 

Geologic Record 

Upper Jurassic. — The earliest recorded birds are known from 
two well-preserved specimens, one headless, now in the British 
Museum in Ijondon, (Archxopteryx) the other, which bears a head, 
in Berlin (Archdeornis) . They are both from the lithographic quarry 
at Solenhofen, Bavaria, and were contemporaries with Compso- 
gnathuSj not, as we have seen, the earliest, but the smallest known 
dinosaur. 

Archdeornis was about the size of a crow, feathered, and with 
fair powers of flight. There were, however, several characteristics 
wherein it was more reptile-like than are modern birds. These are 
the presence of teeth in both jaws, the free, clawed fingers of the 
hand which were not yet fused into the form of the modern wing, 
the feebly developed sternum, and especially the possession of a 
long tail on either side of which the rectrices or steering feathers 
were arranged. In all subsequent birds the tail is shortened and 
the feathers are disposed fan- wise (see Fig. 80, A; and PL XIV). 

Cretaceous. — The Cretaceous chalk (Niobrara) of Kansas has 
produced the next recorded avian remains in geologic time. These 
strata are marine, for besides invertebrates and sharks and other 
sea-fishes, they contain mosasaurs, sea-turtles, plesiosaurs, and the 
fish-eating pterodactyls Nyctosaurus and Pteranodon. The birds 
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belong to two main sorts, both of which were doubtless aquatic, 
but the larger of them, Hesperornis (PL XV), was especially so, 
since it had lost the power of flight. The other, Ichthyornis, was a 
small tern- or gull-like bird well endowed with flying powers and 
essentially modern except that, like Hesperornis y its jaws still bore 
teeth. It is interesting to note, however, that in common with the 
predentate dinosaurs (except one or two) the teeth in both of 
these genera were confined to the maxillary and dentary bones, 
the pre-maxillary, which forms the forward part of the upper jaw, 
being toothless. 

Hesperornis was a splendid bird measuring over four and one- 
half feet in length, with powerful hind limbs which, while rendering 
the bird awkward on land, 
must have been very ade- 
quate swimming organs. 

Loss of flight is indicated 
by the reduction of the 
shoulder-girdle, and espe- 
cially of the wing, which 
is represented by a long, 
slender humerus, the fore 
arm and hand being en- 
tirely lacking. The breast- 
bone also is devoid of a 
keel for muscular attach- 
ment, resembling that of 
an ostrich. On the whole, 

Hesperornis finds its re- 
cent analogy in the loons Fig. 162 . — Diatryma, a giant Eocene bird, 
or great divers, and except ^ ‘iT®! 

tor its flightless condition thew.) 
may have had quite similar 

habits of life. Other Cretaceous genera are known, though very im- 
perfectly, but, with one possible exception, they all agreed in the 
possession of teeth, although in other respects they were essentially 
modernized. Two original mounted skeletons of Hesperornis 
and two of IchthyorniSj the latter unique, are preserved at Yale. 

Tertiary birds leave but little to the imagination, as they are 
similar to those of to-day. It is interesting to note, however, that 
the loss of flight occurred apparently several times among Tertiary 
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forms, for even from the Eocene formation in most parts of the 
world numerous big Ratites {i. e., cursorial birds), such as Diatryma 
(see Fig. 162), are known, which can only have originated from 
badly-flying ground-birds, whereas in more modern times the 
Ratites are apparently vanishing from the earth^s surface. 

The birds as a class are a very compact group and do not begin 
to show the range of size and adaptation of the reptiles as a whole; 
in fact, in this respect they hardly rank with the dinosaurs. With 
them it is perfection and multiplication of detail, and the most 
essentially modern among them are the small tree or perching 
birds of the order Passeres. 
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CHAPTER XXXII 

ORIGIN OF MAMMALS AND RISE OF ARCHAIC 
MAMMALS 

Definition of Mammals. — Mammals may be defined as warm« 
blooded creatures whose body is more or less clothed with hair, 
whose young are produced alive, except in the egg-laying mon- 
otremes, and are nourished for a while after birth by the secretions 
of milk (mammary) glands. The skeleton shows several important 
distinctions from most reptiles and birds, having a double oc- 
cipital condyle — the articular facets which unite the skull with 
the first cervical vertebra — and having a simple lower jaw. In rep- 
tiles and birds, on the other hand, the condyle is generally single 
and the jaw is a bony complex. There is also an intervening 
bone, the quadrate, between the jaw and the skull, which is lack- 
ing in the mammal. A further mammalian distinction lies in the 
fact that the vertebrje and limb-bones ossify^ from three separate 
bone-forming centers: the body or shaft, as the case may be, and 
the articular ends or epiphyses. The mammalian dentition is 
peculiar in the local differentiation of the teeth (heterodonty) into 
incisors, canines, premolars, and molars, and also in that there are 
but two sets in series, the milk or lacteal teeth and the permanent 
ones ; never does one see anything comparable to the amazing suc- 
cessional teeth of the predentate dinosaurs, for instance. Second- 
arily acquired simplicity of the teeth may occur as in the toothed 
whales, and the number of teeth may be increased or reduced. 

The mammals are certainly the highest class of vertebrates from 
many standpoints; in some ways, however, this place may be dis- 
puted by the birds, but the latter represent the culmination of one 
line of ascent and the mammals another. 

Origin of Mammals 

Stock. — At least two views have been held as to the origin of 
mammals. The older one, that advocated by Huxley in 1880, would 

^All bone consists first 'of cartilage, the actual bony material, lime phosphate, 
etc., being formed therein in a definite way by the activity of certain cells, the 
bone corpuscles. This is known as ossification. 
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derive them from the Amphibia. Much in Huxley^s theory io 
undoubtedly correct, except that authorities do not now believe 
that the Amphibia represent the next lower stag^ but that there 
was an intervening condition, one in which gul-breathing had 
been lost but truly mammalian characters had not yet appeared, 
although some of them were already foreshadowed. 

^rhere are found in Triassic rocks in South Africa a group of rep- 
tiles known as the Cynodontia, in allusion to their dog-like teet h, 
and there seems to be a large bgcly of evidence in favor of the view 
that out of this group, although from no known member of it, the 

mammals have been derived 
(see Fig. 163). The cynodonts 
resemble 1he mammals in the 
possession of a heterodont den - 
tition , in that the teeth are 
clearly divisible into incisors, 
canines, and mol ars,\a nd in the 
paire d ncdpital condy lps, in ad- 
dition to which there are similar- 
ities of construction. Structur- 
ally the cynodonts bridge the 
^p between r eptil es and m^- 
mals because while the dentary, 
the single bone of the mamma- 
lian lower jaw, is large and im- 
portant, the jaw is nevertheless 
complex in that it possesses the several bones typical of the rep- 
tile. There are other reptilian characters as well, all of which may 
reasonably be expected in the remote ancestors of the Mammalia. 
These cynodont reptiles are low in the reptilian scale, far removed 
from the dinosaurs and birds with which we have been concerned, 
although capable of as high a degree of specialization along 
other lines. 

Place of Origin. — While we find members of this order in both 
North America and Africa, although they must have been much 
more widely diffused, it was possibly in the latter place that the 
mammals arose, probably due not so much to the potentiality 
possessed by the reptiles of one place over the other as to a 
happy combination in Africa of a potent stock and an impelling 
cause. 



Fig. 163. — Skull of cynodont reptile, 
Nythosaurus larvatus, Trias, South 
Africa. Note the rnarnmal-like tooth 
differentiation, but complex reptilian 
jaw. Ang^ angular; Art, articular; Dent, 
dentary; Ju, jugal; L, lachrymal; Mx, 
maxillary; Na, 4 ,^asal; Pa, parietal; 
Pmx. premaxili^j^; PoO, postorbital; 
Pr. F., prefrontal; S. Ang, surangular; 
Sq, squamosal. (After Broom, from 
Schuchert’s Historical Geology.) 
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Cause. — A cause for the origin of the mammals has been men- 
tioned in Chapter XIX under the caption Significance of cursorial 
adaptation/’ Therein is emphasized the statement made by Broom 
that all of the characters wherein a mammal differs from a reptile 
are the result of increased activity, for he says that when the 
cynodont took to walking with feet underneath and body off 
the ground, it first became possible for it to become a warm-blooded 
animal. But back of this lay impelling geologic causes which 
Broom does not even hint at. These were, first, increasing aridity 
of climate, which from Permian time well into the Jurassic seems 
to have been characteristic of all lands, as the extensive series of 
red sediments may imply. And aridity has been found to be a great 
stimulative to speed. Add to this the evidence, especially in the 
southern hemisphere between latitudes 20® and 35®, of extensive 
glaciation — greater even than in the more familiar Pleistocene 
Glacial period — and we have a high incentive to the retention of 
bodily heat, hor it is well known that cold more than any other 
factor limits the activity of reptiles and effectively prevents their 
distribution into the higher latitudes. For a while, perhaps, there 
were recurring warm seasons, sufficiently long and frequent so that 
a normal reptilian life could still be led, the creature hibernating 
when the weather became too severe. But, as in the case of the 
sestivating lung-breathing fishes, sufficient time r^st still be had 
for the active portion of the creature’s career, so that, although in 
the origin of terrestrial forms premium would be placed upon the 
capability of atmospheric respiration, here it would be upon ability 
to withstand the cold and yet remain active, and the acquisition 
of warm blood and a heat-retentive clothing is the only possible 
means to this end. Hence as immediate geologic causes of mam- 
malian evolution we have, first, aridity, the incentive for speed, 
rendering possible the development of warm blood, and second, the 
increasing cold to place a premium upon such as did develop it and 
to eliminate those which did not. 

Time. — The time of mammalian evolution can only be fixed 
wiihin certain limits. Geological evidence, if we have read the 
cause aright, points to its inception in Permian time for ^Hhere is 
now undeniable evidence that in middle Permian times most of the 
lands in the southern hemisphere were subjected to as severe a glacial 
climate as that of the present polar areas, and that this Permian 
glaciation was likewise interrupted by times of warmth” (Schuchert). 
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On the other hand, the geologic record seems to point to the 
Triassic at any rate as the time of the culmination of the evolu- 
tionary movement, for here are found for the first time the cyno- 
dont reptiles and the actual relics of the mammals themselves. But 
the cause must always precede the effect and it may be that the 
known cynodonts were persistent reptilian survivors of the group 
out of which the mammals actually sprang, and that the earliest 
known mammals themselves had already had a long transitional 
period. It seems reasonable to suppose, therefore, that the time 
of mammalian origin was not later than Middle Triassic nor 
earlier than Lower Permian. 

Mesozoic Mammals 

Deployment. — As with the dinosaurs three important vistas are 
open to our scientific vision, so it is with the Mesozoic mammals. 
We see them ir^Iaj ^Triasgic"^^ in Germany, Engl and, and 
South Africa^, in J urassic in eastern Wyoming ^ and in late Creta- 
ceo us in the same general regioq,. Again as in the dinosaurs, there 
are other occurrences of less importance, but the three mentioned 
above are so placed in time that their interest is thereby greatly 
increased, for they may be considered roughly to mark the stage 
of evolution of this all-important class at the close of each of the 
three great periods of the Mesozoic — the Triassic, the Jurassic, and 
the Cretaceous. 

General Characteristics. — The general characteristics of Meso- 
zoic mammals are, first, their small size, for t he a verage among 
them could hardly have exceeded the^^tature gf^a rat,^ although 
some attainedJJigi,jjLaLiQ?L-t^ Their habits were doubtless 

living -iiL^^vgr^ Fig. 16Z)) and like them adapted to a 

varied- ajumaL4iet===dn§ects, worms, yoimg birds, and reptiles^ — 
in other words, such creatures as they overcame, for in all probabil- 
ity the gratification of their appetite was limited largely by their 
lack of prowess. Others hadjteeth better fiU ed for an_herblvorous 
tjian an aniniidjiiet,, with ,sharp cutting incisors, ^ those of 

a rodent in fron t, shearing p remolars and many-cusped (multi- 
tuberculate), broad-crowned, grinding teeth behind (see Fig. 166). 
In certain instances their teeth are quite suggestive in general 
form of those of the rat-kangaroos of Australiaand Tasmania, all of 
which are small anim als, h ardly exceeding a rabbit in size, noc- 
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turnal^ and feeding on the leaves of vario us kinds of grasses and 
other plants as well as roots and bulbs which t hey dig up with 
their fore“paw§.J There is little doubt of the herbivorous character 
of these Mesozoic forms, although in trying to fix upon a precise 
dietary from analogy the possibilities of the contemporaneous 
vegetation must always be borne in mind. 


Habitat . — Matthew has discussed in some detail the implied habitat 
of the Mesozoic mammals and has come to the conclusion that they were 
largely arboreal, his conviction being based chiefly upon the skeletal 
characteristics displayed by their descendants. He says: *^ The Gret a- 
c eous anc estors of th e Tertiary ma mmals w ere small arboreal anima ls of 
v ery umT ^m skeletal characters .""but probably somewhat differentiated 
in dentition _a ^cor ding a Tfruv^ jeeds and nuts , or insects formed the staple 
of their diet. At tlie beginning of the Mesozoic the available modes of 
life for land vertebrates were chiefly the amphibious-aquatic, the^arhoreal, 
and the a^al, the terrestrial habitat befrig sulxTrdinate because^the up- 
land flora was largely undeveloped or inedible as compared with its pres- 
ent condition, rhe three available provinces were occupied by reptiles, 
mammals, and birds respectively. In the later Cretaceous the spread of a 
great and varied upland flora vastly extended the terrestrial province, and 
opened a new and constantly widening field for the expansion of the 
Mammalia. . . . The little that is known of the Mesozoic Mammalia 


fits in with our hypothesis of their arboreal habitat but adds little to the 
evidence in its favor. Practically nothing is known of their skeletal struc- 
ture; they are all of small or minute size, with teeth of insectivorous or 


granivorous type. . . . Their minute 
size, and association, in strata of 
fresh or brackish water origin, with 
large amphibious and aquatic reptiles 
and with abundance of fossil wood, 
suggest that the deposits in which they 
occur were laid down in extensive 
forest-clad river deltas and coastal 
swamps, and that the minute Mam- 
malia represent the arboreal fauna of 
these forests.^’ 



Fig. 164. — Cynodont reptile, 
Dromatheriurn sylvestre, Trias, North 
Carolina. Twice natural size. (After 
Osborn, from SchucherPs Historical 
Geology.) 


Classification. — The order ‘‘Protodonta,” which apparently has 
no validity, included two small jaws called respectively Micro- 
conodon and Dromatheriurn. They were discovered in a coal mine 
at Egypt, North Carolina, and are of Upper Triassic age, con- 
temporaneous with the far-famed Connecticut valley beds. The 
dentition is that of the cynodont reptiles rather than mammalian, 
and the principal evidence of mammalian affinity lies in the 
apparently simple jaw, which, as preserved, consists of but a single 
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bone (see Fig. 164). Recent restudy by Dr. George G. Simpson has 
shown, however, that the specimens are defective and that, in all 
probability, the jaw was complex. This necessitates their refer- 
ence to the cynodont reptiles rather than to the mammalian class. 

In the order Triconodonta , the teeth are m ore perfectly form ed, 
but the mola rs are characterized by having but t hree cusps ar- 
ranged in a si ngle longitudinal ro w; of these the mi ddle cus p is 
usually dominant, the others being much smaller. At times, how- 
everT^the latter may equal the rhedian cusp in height. Their 
relationships are doubtful. ^ 



Fig. 165. — Triconodont mammal, Priacodon ferox, Jurassic, Wyoming. 
Three times natural size. (After Marsh.) 

Triconodonts first appear in the Low er Jg jvissic (Stonesfield slate) of Eng 
land, in the genus Ampkilestes-. ^riconodon itself conies from the Upper Ju- 
rassic of England, while a related, possibly equivalent genus comes from the 
Jurassic of Como Bluff, Wyoming, which is the upper limit of their range. 


T he A llotheria oi - Multituberculata are among the oldest of mam- 
malsV tor their characteristic molar teeth are found in Upper 
— Triassic rocks of Germany and they 

Lower Eocene time. Geo- 
graphically they are very widespread, 
have been reported from Eu- 
rope, Asia, and Africa and from North 
America. Little is known of the skele- 
‘O"- iawt 5 ndj»eth_«re more or 
gracilis, Paleocenc (Ft. Un- les^abundant ahcT several skulls (see 
ion), Wyoming. About nat- Fig. 166) have been found. They had a 
Scott )^"^ (After Gidley, from rodent-like incisors above 

and below, while the molars bore two 
or three longitudinal rows of tubercles, hence the name Multi- 
tuberculata; the premolars were either simple-cusped or com 
pressed, sharp-edged, cutting teeth. 
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The most notable forms are Tritylodon, a large type from the Karroo 
beds (Lower Jurassic) of South Africa; Thomasia of the Upper Trias of 
Europe; Plagiaulax from the Jurassic of Europe and North America; 
Ptilodiis (Fig. 166) and Taeniolabis from the Paleocene of North America. 
The Allotheria have been included under the Marsupialia, but there is 
not the least likelihood that any existing mammalj^^were derived from 
them. 

The S ymmetrndontn^ are a little-known group confined to the 
UppeFilurassic of England and North America. Their molars have 
three main cusps arranged in a triangle. Spalacotherium from 
England and Tmodon in No rth Ame rica are the best known repre- 
sentatives. Th6y^ were apparently an isolated order, distantly 
related to the Pantotheria. 

In the next order, the Pantotheriaj the dentition, while simpler, 
suggests that of the insectivores to such an extent that they have 



Fig. 167. — TritubercuJatc mammal (pantothcro), Dicrocynodon victor^ 
Jurassic, Wyoming, a, canine tooth; b, condyle; c, coronoid; d, angle. Twice 
natural size. (After Marsh.) See also Plate XVI. 

been considered by good authority as the actual forerunners of that 
group. The molars have four or more cusp s, but instead of being 
arranged in lineal series, as in the trieonodonts, the t hree princip al 
c usps are in the form of a triangle o r trigon, the main one being 
on the inner side of the teeth in the lower jaw and on the outer 
side in the upper jaw. In h abif s the pantotheres were probably 
i nsectivorous and they have been classed with the placental mam- 
mals as primitive Insectivora. Their time range is throughout the 
Jurassic, and although they then became extinct as an order they 
may still survive in their descendants — possibly the true insecti- 
vores among other orders (see Fig. 167, also PI. XVI). 

Amphitheriuni, one of the oldest genera, is from the Lower Jurassic 
(Stonesficld slate) of England, Amblotheriuni is from the English Purbeck 
(Upper Jurassic), while the more familiar American forms are Driyolestes 
and Dicrocynodon from the Jurassic of Como, Wyoming. 
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SCHEME OF RELATIONSHIPS OF THE MESOZOIC 
MAMMALS. AFTER SIMPSON 



Check on Mesozoic Mammalian Life. — Perhaps the most re- 
markable thing about the Mesozoic mammals is their apparent 
conservatism as regards evolution, for we find so little recorded 
change, compared with that of the reptiles during their long-drawn- 
out career, that we look instinctively for some inhibiting cause. 
After the establishment of the mammals in late Triassic time, there 
are no great geologic or climatic changes of a revolutionary char- 
acter to quicken their evolution until the close of the Cretaceous 
and, while reptilian dynasties wax and wane, the trend of their 
evolution seems pretty well established after the early Jurassic, 
the remarkable types which appear later being largely the flores- 
cence which characterizes racial old age. But with the close of the 
Age of Reptiles came a most momentous change in mammalian 
evolution, when the sluggish stream of their existence was quick- 
ened into life and their remarkable radiation began. This may 
have been due in part to the expansion of the upland flora which, 
as Matthew believes, was either restricted in its development 
or of a sort not suitable to mammalian dietary during the Meso- 
zoic. But it seems reasonable to suppose that the inhibition of 
mammalian evolution was due not so much to lack of a suitable 
physical and floral environment as to an overwhelming check 
against which these small creatures could not contend. 

There is in the Yale Museum a remarkable series of mammal 
jaws and teeth from what is known as “Quarry 9'' at Como Bluff, 
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Wyoming, which lies in strata of Jurassic age. Associated with 
them, among other reptilian remains, was a single tooth of a 
carnivorous dinosaur, perhaps AllosauruSy a tooth keen-pointed 
and terrible, like a curved dagger with serrated margins, and many, 
many times the bulk, not only of the teeth but of the entire jaws 
of the associated “higher’^ forms. This tooth, suspended like 
the sword of Damocles (PL XVI) over the head of these actually 
associated mammals, brings before the mind’s eye broad vistas of 
low-lying, well-watered woodland with ever alert furry forms tak- 
ing such refuge as the trees or shrubbery or occasional hiding holes 
could offer, in the midst of stalking terrors such as the world never 
saw before. That the mammals managed to maintain themselves 
is not surprising, for there is a teeming horde of small mammalian 
folk in the tiger-haunted jungles of India to-day; and that they 
did not dispute with the dinosaurs the realms of greater oppor- 
tunity is but a logical assumption. 

The Release. — If our premise be true, the great Tertiary expan- 
sion of mammals therefore is only in part the direct outcome of 
changing geologic conditions, the primal incentive being the re- 
moval of the reptilian check. 

Archaic Mammals 

This is the name given to the creatures which, in early Ter- 
tiary time, supplanted the great reptiles in their vacated habitats. 
They constitute the first great mammalian adaptive radiation, but 
one of short duration, for they were soon to be displaced in their 
turn by mammals of a higher sort, the so-called modernized mam- 
mals. For a while these archaic types served very well, and doubt- 
less had it not been for a competition which they could not meet, 
they might have survived for a longer period ; but there was written 
over against them the memorable indictment — ^ ^ Thou art weighed 
in the balances and found wanting.’’ 

Defects. — There are two prime essentials to every creature’s 
adaptation to its environment — it must have safety and food. 
Hence two principal structures are of paramount importance: 
locomotor organs, that it may flee from its enemy or overtake its 
prey, and efficient teeth that it may utilize such food as is avail- 
able. In other words, the two organs whose contact with the en- 
vironment is most intimate are the feet and teeth, and these are 
seen to suffer the most profound changes with the passage of time 
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Fig. 168 . — Brain proportions in archaic (left) and modern (right) mammals 
of similar size. Olfactory lobes (dots), cerebral hemispheres (oblique lines), 
cerebellum and medulla (dashes). (After Osborn.) 
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and the consequent changing of the environment. Not only must 
these organs be adapted to immediate need, but adaptable to the 
inevitable changes of conditions which time will bring. Thus it is 
that by a study of feet and teeth so much of an animal’s life con- 
ditions and consequent habits can be deduced. Add to this a 
structure of which the dinosaurs made but little, but which in 
mammalian evolution became increasingly important — the brain — 
and the tale of the requisites for future evolutionary success is 
complete. 

It was specifically in these three things that the archaic mam- 
mals were deficient, for while size, strength, physical prowess, arms 
and armament were theirs in full measure, their feet and grinding 
teeth were conservative, inelastic, and incapable of meeting new 
conditions as they arose. Their brain too was singularly old- 
fashioned, generally small, but always relatively undeveloped in* 
comparison with that of modernized mammals of eciui valent bulk, 
especially in the part wherein the intelligence lay (see Fig. 168). 
Hence it is not surprising that the career of these forms was brief 
and that with rare exceptions they have suffered racial death and 
vanished as utterly as did the dinosaurs before them. 

Classification. — ^‘Nature,” as Osborn says, deals in transi- 
tions rather than in sharp lines. We can not circumscribe the 
archaic mammals sharply, nor be sure as yet that some of them 
did not give direct descent to certain of the modernized mammals. 
Yet the mammals of the basal Eocene [Paleocene] of both Europe 
and North America are altogether of very ancient type ; they exhibit 
many primitive characters, such as extremely small brains, simple, 
triangular teeth, five digits on the hands and feet, prevailing planti- 
gradism. They are to be collectively regarded as the first grand 
attempts of nature to establish insectivorous, carnivorous, and 
herbivorous groups, or unguiculates [clawed forms] and ungulates 
[hoofed forms]. The ancCvStors or centers of these adaptive radia- 
tions date far back in the Age of Reptiles. At the beginning of the 
Eocene we find the lines all separated from each other but not as 
yet very highly specialized. The..spemalizatiQii.,.and di y.ergence 
of thes e archaic mammals cratmue through the Eocene period 
and reac h a clima x near the top, although many branches of this 
archaic stock become extinct in t he Lower “Eoc^e. Thc^Y5fders" 
which may be provisionally placed in this arcKalcqgroup are the 
following: 
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^^Marsupialia 

Placentalia 

Insectivora. 

Tseniodonta. Edentates with enamel [-banded] teeth 
Creodonta. Archaic families of carnivores 
Condylarthra. Primitive light-limbed cursorial ungulates 
Amblypoda. Archaic, typically heavy-limbed, slow-moving 
ungulates. 


^^This group is full of analogies, but is without ancestral affinities 
to the higher placentals and marsupials. There are forms imitating 
in one or more features the modern Tasmanian ‘ wolf ^ (Thylacynus) , 
the bears, cats, hyjenas, civets, and rodents of to-day, but no true 
members of the orders Primates, Rodentia, Carnivora, Perisso- 
dactyla, Artiodactyla have been discovered. 

Of the archaic mammals we will turn our attention to three 
groups, of which the first is the Creodonta (Gr. icpeas, flesh, and 66ous, 
tooth). These forms Jresemble in many details ihe hoofed, Condy- 
l§rthx§''^next to be described, b ut differ fmiTi thpm r^hiefi y in the 
skull and teeth, in t-h^y have more the a s pect of a true carn i- 
vnrp. than the mndyLq.rthR_which wer e largely of vegetarian diet . 
The t.ermi nal pbnlanges ( imguals') a re also more claw- like, although 
there ..are— exceptions to this rule, notably ii^ Drormcyjon (Fig. 
169, C; PI. XVII). The skull of a cr^donL-differsin)m 
carni vore, for while it is always lar ge f oii_ the- size ^The animal, 
th^e is a much smalle r braiuroase. thus necessitating a high crest 
of bone along the mid-line j]>JLthe cranium (sagittal crest) tp„pbtmn’ 


sufficient aiii^£ace-^4or -4nuscula£^-at ^ There are widely 

expanded temporal or zygomatic arches for the same purpose . 
The teeth aJ§QL4iifferda::«^rtem 


diet as in the true carnivores. I n the latter (see Fig. 43), certain 
cheek teeth are almost always enlarged and modified to form a 
wonderful shearing device, and these so-called carnassial teeth 
(Lat. carOy flesh) are, when present, invariably the fourth upper 
premolar and first lower molar, expressed thus: With the cre- 

odonts the carnassials may not be developed at all, and if they are, 
are variable and not necessarily, indeed rarely, and in addition 


they are rarely confined to a single pair of teeth but are two or 
more in number. 

The crep^ipnts have been divided into at least six distinct fami- 


ORIGIN OF MAMMALS: ARCHAIC MAMMALS 509 



Fig. 169. — Creodonts. A, Triternnodon, a primitive hyaenodont, Middle 
Eocene, North America. (After Scott.) B, Hysenodon, the last survivor of the 
archaic carnivores, Lower Oligocene, North America and the Old World (After 
Osborn.) C, the dog-like Drornocyon, Middle Eocene, North America. (After 
Osborn.) D, PatriofeliSf Middle Eocene, North America. (After Osborn.) 
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liesj ofjvMch probably gave.j:ise 

rest dying put. one after another until, by Upper . Dligoceiie^time 
none were in .existence.^ The creodonts f preshadow the true carni- 
vores in a ^umber o f ways, in that certain,, of them were bear-like 
XArcjO(^M)^„Pjdaeis_,dQgT^^^^ (Drornocyon) or otter-like {Oxyxnay 
Pa^no/cZfs)^ some like the minks {Sinoya), others cat-like {Dis- 
sacus) or resembling hyaenas (Flyxnodoii), The last genus is of 
especraUnterest because together with its Old World ally Pterodon 




Fig. 170. — Fore (A) and hind (B) feet of Phenacodus prirnaivus. (After Lull.) 

it is the last creodont survivor, existing until the Middle Oligocene. 
One form. Andrewsarcus, from Mongolia, attained gigantic size, 
^e skull alone measuring near ly a yard in length. 

The Condylarthra (Gr. koi^SuAos, knuckle, and apOpoVj joint) were 
a,.^roup of very primitive upguIatfiS-^which, aside from t he im- 
plied differences^in^ diet, paralleled the Creodpnta closely, for 
in both groups there was the_.sa rn e g ener allzedriype^o^^ 
a long heavv^tail and rather stocky, mp re or less cursorial J imbs. 
There were, however, relatively few of the condylarths, but four 
f amilies being r ecogniyod q.s ngninsf. six_iarJjbT c^^<^dnnts They 


ORIGIN OF MAMMALS: ARCHAIC MAMMALS 511 

ran^e in time from Paleocene and Lower Eocene, but very little i s 
known as vet of ihe ir geographical extent. Scott says of them: 
'^They may be looked upon a s the connecting link between the 
clawed and hoofed mamm als~^d therefore ahcestraTTolinosL o r 
perhaps all of the ungulate orders/^ One of the condylarths, Phe^ 
codus (Figs. 170; 171; PL XVIII), was hailed by its discoverer, 
Professor Cope, as the fiye-toed xmceatpr pf the horse, b ut this is 
now known to be impossible as it is too large and too highly spe- 
cialized in certain directions, although very primitive in others, and 
also too late in time to be the founder of the great equine lineage. 
This genus, from the Wasatch beds (Lower Eocene), ranged in size 
from a fox to a small sheep. While the canines were tusk-like, they 
were not large, and the grinding teeth were low-crowned and of 
simple pattern, suited undoubtedly to a rather succulent herbage. 
The skull was long and 
low, with a well devel- 
oped sagittal crest and, 
while that portion of the 
cranium behind the or- 
bits was relatively long 
as with most primitive 
skulls, the brain-case was 
of very small capacity. , Fig- 171.-Cursorial arcliaic mammal^, con- 
r- j uylarth, PhenacoaLis 'pnm^vus^ Lower Locene, 

Ihe feet are iive-toed. North America. (After Osborn.) 
semi-plantigrade, and 

built on a very primitive plan. Phenacodiis and the earlier Eupro- 
togonia, represent the family Phenacodontidse while the other family, 
Meniscotheriidae, embraces but a single known genus, Meniscother* 
mm. These forms, while contemporaneous with the phenacodonts, 
were more advanced in tooth structure, for the cusps of the grinders 
have begun to assume a crescent shape such as one often finds in 
the higher odd- and even-toed ungulates. The body and tail were 
long and the limbs, while long, resemble so much those of the Hyra- 
coidea of Africa (see page 557) as to cause the inclusion of Menis- 
cotherium in that group by certain authorities. Others have con- 
sidered the Hyracoidea to be surviving condylarths. There are, 
however, no very good grounds for such an assumption. The 
Condylarthra are of interest, however, in that they represent or 
were very similar to what was probably a very widespread group 
of primitive ungulates out of which, possibly, all of the other orders 
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of ungulates arose. The genera which we know could not have 
been the direct ancestors, but they show us the nature of the un- 
gulate ancestry. 

The Amblypoda (Gr. d/xjSXus, blunt, and ttous, foot), or short- 
footed ungulates, are another group of hoofed forms, among which 
were some that attained a huge, almost elephantine size and in 
spite of a basic primitiveness developed a superficial specialization 
of a very remarkable sort. Their geologic range is throughout the 
Eocene period, when they in their turn suffered extinction. Four 
families are recognized, of which the two most primitive are both 
Paleocene in distribution. Pantolambda, the type of the second 
family, while undoubtedly an ungulate, shows many points of sim- 
ilarity with the creodonts. It is described as having a head and body 
somewhat smaller than those of a sheep, and much shorter legs. 
The body and tail had somewhat the proportions of the larger 
cats, and the skull, as with the condylarths, was long and low, with 

small brain capacity and 
prominent sagittal crest. 
The limbs were very short 
and relatively heavy, with 
five spreading toes on each 
foot. 

Coryphodon (Fig. 172) 
represents the third family 
and is in many ways a re- 
markable beast. The differ- 

Fig. m.-Coryphodon, a swarap^welling 
amblypod, Lower Eocene, North America. . . > i 

(After Osborn.) from a tapir to an ox, and 

thus are the largest forms 
we have so far considered. They were heavy, unwieldy animals 
whose short powerful limbs and spreading feet point to swamp- 
dwelling if not aquatic habits. The skull was large and flattened 
in such a way that no median crest is visible, nor are there any 
indications of horns such as the next genus possessed. The canine 
teeth were developed into huge flaring tusks suggesting those of 
the swine. Altogether it was a heavy sluggish brute whose very 
small brain gives evidence of great stupidity. 

Uintatherium (Dinoceras) (Fig. 173) represents the last family of 
amblypods and in many ways — size, up to seven feet in height, 
dentition, and horns — ^was by far the most specialized, in fact 
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grotesquely so. Its limbs were graviportal, quite like those of the 
Proboscidea (see Chapter XXXV) and like them an adaptation 
to carry the creature’s great weight. The elephant-like character- 
istics extended also to the body, but there the resemblance ceased, 
for the skull was totally dissimilar in that it was extended upward 
into a series of horn-like prominences. These consisted of a pair 
upon the nose, which from their appearance may have borne der- 
mal horns like those of rhinoceroses. The second pair were higher, 
with bluntly rounded ends, and were probably not sheathed with 
horn but covered with skin as in the giraffe. There was also a third 
pair, massive structures, 8 to 10 inches high, which again could not 



Fig. 173. — Horned amblypod, Uintatherium, the culmination of its race, Upper 
Eocene, Wyoming. (After Osborn.) 

have borne horny sheaths. There was a hi^h 
crest at the hinder end of the skull connecting th e posteri or pair of 
horns and giving, together with the prominences, a unique basm- 
sHiij ^d char acter to the top of the skull. Another remarkable 
feature lay in the greatly developed" cahine teeth, which were 
curved sabers in some genera and spear-shaped in others, and were 
doubtless important weapons. Both the tusks and horn promi- 
nences were apparently better developed in the male than in the 
female, for their variation constitutes about the only difference 
seen in certain skulls. There is no indication of a proboscis, as the 
nasal bones, which are long and prominent in Uintatheriumj are 
invariably shortened whenever that useful organ develops. The 
molar teeth Uintatherium were very conservative, for while one may 
trace a very marked evolution in the skull and tusks, these impor- 
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tant organs hardly change at all (see Fig. 174). The brain also was 
absurdly small for so large a creature. The armament of Dinoceras 
may have served a useful purpose but one is constrained to believe 
that, together with the relatively great size, it indicates racial senility 
— the extreme of over-specialization attained by a primitive stock. 



Fig. 174. — Skulls of Uintatheres, showing that while the rest of the skull has 
increased markedly in size, the length of the tooth row remains approximately 
the same. Solid line, Uintatherium mirahile; broken line, Tinoceras ingens. 
(Adapted from Marsh.) 

Fate of the Archaic Mammals. — The archaic mammals as such 
have long since vanished from the earth, and were it not for their 
remains entombed in the Eocene rocks we would be unaware that 
they ever existed. Theirs was a brief span compared with that of 
the reptilian hordes and also with that of their mammalian suc- 
cessors; but for a while they throve mightily until competition with 
creatures of a better sort became too great for them to bear. That 
they strove to meet this competition is evident, for certain of the 
later creodonts, notably Patriofelis and the powerful Harpago^ 
lestes and especially Aridrewsarcus of Mongolia, increased materi- 
ally in bodily size, while the hysenodonts actually increased the 
bulk of the brain, which aided in making them the sole survivors 
of the group after the close of the Eocene. Competition was doubt- 
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less, therefore, a prime cause which led to the extinction of these 
forms. We have argued racial old age in Uintatherium^ but if that 
be deemed insufficient in itself, we have the noteworthy fact that 
where evolution of an animal runs to the development of tusks and 
horns, possibly favored by sexual selection, the grinding teeth are 
apparently neglected and are apt to show arrested development. 
And bulk is fatal where correlated with inadequate feeding mech- 
anism, and with brain power not adequate to enable the females 
to defend and care for the young as well as to meet new conditions 
of life. 

Thus the fate of the archaic mammals was, first, extinction, and, 
secondly, transmutation of a few — a very few — into higher types. 
There remains yet a third possibility, and that is emigration, not 
of the later but of the earlier sorts, across the southern land-bridge 
into South America, where together with a certain admixture of 
other stock they may have given origin to part of the remarkable 
South American fauna which rose and flourished during the long 
period of Neogaean isolation. Others, passing beyond the limits 
of South America, may have crossed an Antarctic land-bridge 
into Australia, where as marsupials they still persist. If, on the 
contrary, the entire marsupial order is to be considered archaic, 
the conclusion that they may still be surviving in these remote 
forms and in the American opossums is tenable. There is a further 
possibility that the American Edentata, sloths, armadillos, and 
their allies, should be included in the group. They also have sur- 
vived because they found asylum in isolated South America. 
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CHAPTER XXXIII 


INCURSION OF MODERNIZED MAMMALS AND 
EVOLUTION OF CARNIVORES 

We have spoken of the modernized mammals in contradistinction 
to the archaic forms. It is necessary now to define the former 
more precisely. They include practically all existing mammals and 
some which have become extinct together with their forebears, 
such as: 

Carnivora or fissiped and pinniped (seals) carnivores. 

Rodentia, gnawing animals. 

Perissodactyla, odd-toed ungulates. 

Artiodactyla, even-toed ungulates. 

Proboscidea, elephants and mastodons. 

Primates, lemuroids and monkeys. 

Insectivora, insectivores, included by some authorities among 
the archaic mammals. 

Cetacea and Sirenia, whales and sea-cows. 

In contrast with the archaic forms, the modernized types are all 
creatures of high potentiality, and, where they became extinct, 
were rather the victims of circumstance than creatures which died 
because of lack of adaptability, although certain groups seem to 
have run a natural course and theii* extinction was heralded by 
evidences of apparent racial senility. 

As the archaic forms were characterized by lack of progressive 
brain and feet and teeth, so the modernized races were distin- 
guished by the possession sometimes of one (primates), sometimes 
of two (elephants), again by all three (horses) of these destiny- 
controlling organs, but in general the modernized animals were 
progressives, highly adaptable forms. 

Place of Origin of the Modernized Mammals. — The simulta- 
neous appearance of the earliest of the modernized mammals in Eu- 
rope (lat. 50° N.) and North America (lat. 40° N.) points to some 
contiguous land-mass as the original home of these creatures. 
Hence there has been assumed the existence of a grand northern 
common center of evolution and dispersal, both for plants and 
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animals. A glance at the map, Fig. 7, drawn on the north polar 
projection, will show how logical such an assumption is, and, 
with the evidence very clearly before us of the repeated recurrence 
of a land-bridge across what is now Bering Strait, how readily 
migrants from a circumpolar land could follow the three great 
continental radii to the south, arriving synchronously in widely 
separated lands. Of course the theory of circumpolar origin of 
these mammals assumes a climate far different from that which 
now characterizes this region; but that it was formerly warm and 
equable is abundantly proved by the finding on the coast of Green- 
land of the remains of a sub-tropical flora. Thus Heer describes 
cycads and associated species of plants in the Lower Cretaceous 
as indicating a mean temperature of 70° to 72° F. — a temperature 
equal to that of Cuba — and the same flora existing in Spitzbergen 
and in Alaska proves that this temperature was widely distributed. 

Deployment. — There is always a tendency on the part of every 
group of animals, as their numbers increase, to spread from their 
ancient home along lines of least resistance, provided no climatic 
or other insuperable barriers are to be overcome, and that may 
well have been one very potent cause for the southward migration 
of the modernized hordes. But there was an additional incentive, 
for throughout the early Tertiary there is evidence of climatic 
variation and of a very gradual cooling of the northern regions and 
a consequent southward retreat of the higher plants and mam- 
mals which occurred as a succession of migratory waves. In this 
way there came, first, the least hardy like the insectivores and 
primates, the latter especially depending so largely upon the tropi- 
cal forests for their sustenance that any change either in extent or 
character of their habitat would be reflected in their distribution 
at once. Perissodactyls and artiodactyls also came speedily, and 
the true carnivores — primitive dog-like forms — likewise soon ap- 
peared. There is reason to believe, however, that throughout 
the whole pre-Pleistocene Cenozoic period the northerly region 
(Holarctica) was highly favorable to the evolution and migra- 
tion of the higher forms of the Mammalia. It must be remembered, 
however, that the actual center from which these animals suddenly 
spread into Europe and North America is still hypothetical and 
will not be determined until the Paleocene fossil mammal beds 
in the unexplored portions of America and Asia shall have been 
discovered. 
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Whatever the exact place of origin, the result of the incursion of 
the progressive forms was their speedy usurpation of the habitat 
of the unprogressives and, as we have seen, the gradual elimination 
of the latter, largely through an unbearable competition. We shall 
now speak of these modernized mammals, turning our attention 
to the following well known and highly interesting groups, some 
of which, notably the horses, played no little part in the widespread 
acceptance of the evolutionary hypothesis. These groups are: 

1. Carnivora, especially the felines. 

2. Whales. 

3. Proboscidea, mastodons and elephants. 

4. Horses. 

5. Camels. 

6. South American mammals. 

7. Primates, with especial reference to mankind. 

Carnivora 

The division of the flesh-eating mammals into creodonts and 
true carnivores has been discussed and the main distinctions 
emphasized (page 508). The modernized forms are also divisible 
into two groups, the Fissipedia (Lat. Jissus, cloven, and pes, foot) 
or land carnivores, and the Pinnipedia (Lat. pinnae feather, fin) 
or seals and sea-lions. The latter do not possess the carnassial 
teeth and their derivation from any known fissiped stock is doubt- 
ful. They may well represent an independent line of descent from 
the creodonts. The same may be true of the whales. 

The fissiped carnivores show the following diagnostic characters: 

1. Good brain, moderately large and well convoluted. 

2. Carnassial teeth = premolars in front more or less sharp- 
pointed and compressed ; molars behind tuberculated for crushing. 

3. Clavicle (collar-bone) vestigial or absent. 

4. Limbs mobile, with the radius and ulna of the fore arm and 
the tibia and fibula of the lower leg complete and separate. 

5. Digits clawed, never fewer than four. 

The principal families are: 

Canidce. — These embrace the foxes, dogs, and wolves, the most prim- 
itive of existing carnivores, cosmopolitan in their distribution, even hav- 
ing attained Australia, though doubtless by the agency of man. They 
appear first in the Upper Eocene of Europe, are abundant in the Miocene 
fauna of Europe and North America, and reach India and South America 
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by early Pliocene time. At present at least 104 species of canids are extant 
and more than 160 fossil species have been described. 

Ursidce . — The bears are omnivorous rather than strictly carnivorous 
and lack the carnassial teeth. Their feet also are plantigrade compared 
with the digitigrade character of those of most of the order. Bears are 
widespread to-day, principally in the northern portions of both hem- 
ispheres. In the Old World they extend southward to the Atlas Mourn 



Fig. 175. — Various carnivora. A, hyaena, Hysena striata; B, bear, Ursus 
arctos; C, dog, Canis familiaris; D, marten, Mustela martes; E, cat, Felis do^ 
mestica; F, genet, Genetta tigrina. (After Haacke.) 


tains in northern Africa and to southern India, Borneo, Sumatra and 
Ceylon. They are also found in the Andean highlands as far south as 
Bolivia and Chile. They are, however, entirely absent from the Ethiopian 
and Australian realms. The origin and evolutionary history of the bears is 
undiscovered, as the earliest recorded fossils are in the Miocene of the 
Old World; by Upper Pliocene they had reached eastern Europe but up 
to 1916 they were unknown in the New World in rocks older than the 
Pleistocene. A Pliocene bear, however, has recently been reported from 
Oregon (Merriarn). 

Procyonidce , — ^The procyonids, the raccoons and their kin, with one 
Asiatic exception are entirely confined to the New World, especially 


620 


ORGANIC EVOLUTION 


tropical America. Geologically they range upward from the primitive 
Miocene genus PhlaocyoUj which is the annectant form between this family 
and the Canida3, although the grinding teeth and plantigrade feet of the 
raccoon have caused its inclusion by certain authorities with the bears. 

MustellidoB . — This family, which contains the weasels, polecats, badg- 
ers, and otters, while especially abundant in North America is found 
the world over, except Australia. Its members are, however, rare in 
Africa and South America. They are known from the Upper Eocene in 
Europe and from the Oligocene of North America, and one Miocene form, 
MegalictiSj was gigantic, the skull alone ecjualling that of a black bear. 

These four families are known collectively as Arctoidea or bear-like 
forms, while the three remaining ones, Viverridae, Ilyaeriidse, and Felidae, 
are called A^luroidea (cat-like). With the exception of the cats this latter 
group is entirely confined to the eastern hemisphere, which was probably 
also their original home. 

Viverridce , — These are the civets, genets, and mongooses, and are 
limited largely to the Ethiopian and Oriental realms, only a half-dozen 
species being found outside of these areas. The curious Madagascar 
genus Cryptoprocta, the fossa, forms a connecting link between this family 
and the cats. About thirty species are known fossil, chiefly from the 
European Tertiary, the genus Viverra itself having persisted since latter 
Eocene time. 

Hycenidce . — The hyaenas are creatures of very dubious repute, as they 
are largely eaters of carrion. In spite of a rather dog-like appearance, 
their affinities lie with the Viverridae, from which they lately arose. They 
are confined to-day to tropical Asia and Africa, but formerly had a much 
wider range. 

Felidx 

The cats are in many ways the most highly specialized of carnh 
vores, chiefly in their dentition, for the carnassial here reaches the 
height of perfection as a shearing tooth; the molars, on the con- 
trary, are almost entirely lacking. Another specialization lies in the 
retractile claws, characteristic of all Felidse except the cursorial 
hunting leopard or cheetah (Acinonyx), which is the swiftest mam- 
mal and shows a number of dog-like convergences in limbs and 
feet. The working of the retractile claws is as follows. The ungual 
or claw-bearing phalanx is capable of a wide vertical range of move- 
ment and has attached to its upper side an elastic ligament which 
would keep the claw permanently raised were it not for an antag- 
onistic muscle and tendon attached to the lower side. The con- 
traction of this muscle pulls the ungual downward, thus protruding 
the claw and at the same time stretching the elastic ligament. 
Relax the muscle and the elasticity of the ligament again withdraws 
the claw. This permits the cat to move silently in stalking its 
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prey and at the same time provides prehensile organs of high per- 
fection for securing it. 

Distribution. — Cats are to-day world-wide in their distribution 
with the exception of Madagascar and Australia, the Old World 
producing the most notable living species, such as the lion {Felis 
leo), the tiger (F. tigris)^ the leopard (F. pardus), the ounce or snow 
leopard (F. undo), and others including the supposed ancestor of 
our domestic cat, the caffre or Egyptian cat (F. caffra). In the 
New World the most noteworthy are the puma (F. concolor), the 
jaguar (F. onca), and the lynxes and caracals. 

Fossil Cats. — But it is the fossil felines which are in many ways 
of the greatest interest, for they include not only the ancestors of 
the modern forms, but the now extinct saber-tooths — creatures 
whose endowment of effective weapons puts them in the very fore- 
front of the carnivorous hordes as efficient beasts of prey. Thus the 
FelidjB are divisible into two phyla or subfamilies, the Felinse or 
biting cats, the race to which all existing felines belong, and the 
Machairodontinae or saber-tooths, the stabbing cats whose line 
has ceased to exist. They show many points of contrast in body, 
limbs, and tail, but especially in skulls, jaws, and dentition, 
and, as we shall see, these distinctions arose in the course of 
evolution from a single as yet unknown stem through adaptation 
to contrasting types of prey, for the saber-tooths were relatively 
slow of foot, and their rise, culmination, and decline is so intimately 
associated with that of the slow-moving, thick-skinned ungulates, 
elephants, rhinos, swine, and especially the ground sloths, that 
the conclusion that we have here the proper association of pred- 
atory animals and their usual victims is irresistible. On the 
other hand, the swift-footed biting cats are in like manner as- 
sociated with the thin-skinned cursorial ungulates — as they are 
to-day — and the inference is that they in their turn were adapted 
to such a source of food. 

The contrasting anatomical features are: Felines — limbs less 
robust, more cimsorial, toes tending to reduce; Machserodonts — 
limbs shortening, more robust, digits never fewer than five. In 
the Felinse the tail was long, in the saber-tooths it became progres- 
sively shortened, especially in the final form, Smilcdon, 

Dentition. — In the felines or biting cats the carnassial is rela- 
tively smaller and the premolars in front of it are less reduced 
than in the saber-tooths. But it is in the development of the canine 
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Fig. 176. — Skulls of (A) saber-tooth, Smilodon, and (B) biting cat, Felts, 
showing contrast of skull form and leverage and muscular development, c, 
occipital condyle; cl.m, cleidomastoid; dig, digastric; w, mastoid process; mas, 
masseter; st.m, sterno-mastoid; lent, temporalis. (After Matthew.) 
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that the most marked distinction is seen, for while in the Felinse 
the upper and lower tusks are more nearly equivalent in size and 
power, in the machserodonts the lower ones are reduced to a size 
not much greater than that of the incisors. The upper canines, on 
the contrary, have become thin curved daggers of relatively enor- 
mous length, showing the same fine serrations on their cutting edges 
that we saw in the teeth of the carnivorous dinosaurs! It is these 
great saber-like tusfe which give the popular name to the group. 

Skull. — There is a marked difference in the form of the skull 
in the two phyla, especially when seen in profile, and the principal 
purpose of this modification in the saber-tooths is to obtain greater 
leverage and so render more effective the downward stabbing 
stroke of the tusks. A glance at the diagram of the skulls of Fells 
tigris and Smilodon, drawn to the same scale (Fig. 176), will render 
this clear. The principal distinction lies in the rear of the skull or 
occiput and in the arch of the face. In Fells the cranial arch is 
highest just behind the orbits and diminishes both toward the 
front and toward the rear, so that the occiput is comparatively low. 
In Smllodo7i, on the other hand, the rear of the skull is highest and 
the face slopes downward and forward, the sabers continuing the 
line of the curve. The condyle for the articulation with the neck is 
on a level with the tooth line in Felis and the mastoid processes 
behind the ear openings are inconspicuous; in Smilodon, on the 
other hand, the condyles are high and the mastoid processes 
extend far below them. These processes are for the insertion of the 
sternomastoid and cleidomastoid muscles whose combined function 
it is to depress the skull. Their value in the saber-tooth is at once 
apparent, as they are the muscles which produce the downward 
stroke of the head by which, with terrible efficiency, the tusks are 
driven into the victim. A well-rounded condyle in Smilodon 
points to great freedom of movement in the vertical plane. The 
muscles of the dorsal side of the neck, which raise the head, were 
alike powerful in both forms. 

Jaw. — There is a marked distinction in the lower jaws of the 
saber-tooths as compared with the biting cats, more marked in 
some respects in the earlier types such as Hoplophoneus than in 
Smilodon. For here the jaw is lighter and has less powerful muscles, 
as the diminished coronoid process and other muscle-insertions 
show. The jaw was capable of being opened more widely in the 
saber-tooth, although the yawn of a modern tiser is a memorable 
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sight. In the earlier saber-tooths the front portion of the lower 
jaw is continued downward into a distinct flange for the protection 
of the tusk, a feature which the totally unrelated amblypod Uinta- 
iherium (Fig. 173) also shows. In later forms, with the enor- 
mous extent of the tusks such a protection becomes impracti- 
cable and the flange almost entirely disappears. The chin of the 
saber-tooths, however, never shows the rounded character of that 
3f the biting cats. 


Phyletic Table op Felid.e 
(Modified from Matthew) 



Feli.v.k, Bitixg CaT8 

Machairodontina-j, Saber-Tooths 

Recent 

Felu (Lat. cat) 

Extinct 

Pleistocene 

Felis 

Smilodon (carving-knife tooth) 

Pliocene 

Felis 

Machairodus (dagger tooth) 

Miocene 

Pseudwlurus (false cat)* 
Nimravus (hunter ancestry) 

Machairodus 

Upper 

Oligocene 

Nimravus 

Dinictis (terrible weasel) 

Hoplophoneus (armed slayer) 

Lower 

Oligocene 

Diniciis 

AUurictis (cat weasel) 

Hoplophoneus 

Eusmili/s (well equipped as to 
the jaw) 

Eocene 

IJndiscovej*ed Miaciche, probably Asiatic 


* Pseudxlurus may represent a new immigrant unrelated to Nimravus (see text, 
page 527). 


Ancestry. — The cats seem to have had their initial evolution in 
the great Asiatic adaptive radiation center, whence they spread 
the world over. It is only in North America, however, that the 
paleontological series is sufficiently complete to reconstruct a phy- 
logeny such as the above. The Asiatic Eocene ancestry is as yet 
unknown. 

Feline Phylum . — Diniciis (Figs. 177 ; 178) is the most primitive 
of cats, but is, nevertheless, despite the fact that Matthew places 
it in the biting cat phylum, a saber-tooth, as the elongated upper 
and reduced lower canines, the flattened chin, and the protective 
jaw-flange show. Scott looks upon this form as the somewhat mod- 
ified survivor of the ancestral stage, and representing very nearly 
the common starting point of both the feline and machserodont 
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subfamilies. As compared with its contemporary, Hoplophoneus 
(Fig. 179), the limbs in Dinictis are longer and more slender, imply- 
ing greater cursorial powers. The limbs also retain more primitive 
features, and the smaller feet, with their less developed claws, did 
not have the clutching power of those of Hoplophoneus, Altogether 
Dinictis, while showing certain saber-tooth characteristics, was 
speedier and less capable of holding a struggling prey until the 
stabbing tusks could manifest their effectiveness. It was therefore 
tending toward the adaptations of the modern cats, which is reason 
for considering it the first recorded member of their line rather 



Fia. 178. — Restoration of an ancestral feline, Dinictis, (After Knight, from 

Osborn.) 


than the common ancestor of both phyla. Dinictis is confined to 
the American Oligocene. 

The genus Nimravus (Fig. 177,C) is still more like the modern 
cats in the general aspect of the skull and dentition. The canines 
are more nearly of a size, although the upper ones are still decidedly 
the larger. The mastoid process is not at all prominent, the lower 
jaw lacks the flange, and the chin is becoming rounded. The limbs 
are long and slender as in Dinictis, but the foot, instead of being 
five-toed, has but four, of which the lateral ones are shortened; 
while ail of them bore only partially retractile claws. In general, 
the limbs are dog-like, resembling those of the living cheeta {Cyn- 
selurus) of which we have spoken and which may be a lineal de- 
scendant of these so-called ^Talse saber-tooths.^’ Nimravus is found 
in the Upper Oligocene and Lower Miocene of North America and 
the Miocene of France. 
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In Pseudxlurus the canines are normal and the jaw has neither 
flange nor an angulated chin. The skeletal characters and much of 
the skull are as yet unknown. This cat is found in the mid-Miocene 
of France and again in the Middle and Upper Miocene of Nebraska 
and Colorado. It is an undoubted ancestor of Felts, though it may 
not have been derived from Dinictis at all, but is rather, as Scott 
believes, a new migrant both into Europe and North America from 
the Asiatic home of the race. That there were two phyla Scott 
does not deny; he does object, however, to Matthew's attempted 
derivation of biting cats from primitive saber-tooths such as Dinic- 
tis, claiming that “this view runs contrary to the supposed ‘law 
of the irreversibility of evolution,' a rule which many authorities 
look upon as well established." 

The law of the irreversibility of evolution applies rather to the 
impossibility of regaining a lost anatomical structure, not, as Scott 
would imply, to the reduction of a highly specialized one; and while 
the parallelism is not exact, the proboscideans to be discussed in 
a later chapter underwent somewhat the same evolution as that 
which Matthew postulates for the cats, in that a highly modified 
and elongate jaw symphysis subsequently shortened and simplified 
and the upper tusks, large structures in all known prehistoric ele- 
phants, are to-day becoming vestigial in the existing Indian species, 
even in the males. 

Felis (Figs. 176,B; 177,E) is the final genus of the biting cat phy- 
lum and needs no further description than that given above. Geo- 
logically it dates back to the Pliocene and was represented in the 
North American Pleistocene by a large species, Felis atrox, of a size 
greater than a lion and ranging over the southern half of the con- 
tinent. Huge specimens of F, behbi, a somewhat different species, 
have been found in the Rancho La Brea asphalt of southern 
California in association with the great saber-tooth Smilodon 
calif ornicus. But although the skulls of the latter are numbered 
by the hundreds, as many as thirty having been found within the 
space of three or four cubic yards, those of the former are very 
rare, as though their habitat and habits differed materially, and the 
lion-like form, not being adapted to prey upon the great brutes 
which were caught in the tar, did not often venture within the 
limits of its fatal grasp. 

Saber-Tooth Phylum. — Turning to the saber-tooth phylum, 
there is little doubt that the Oligocene Hoplophoneus (Figs. 177, B; 
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179; PL XIX) was the direct ancestor of the saber-tooth line. 
In this genus the upper canine was long, thin, curved, and finely 
serrated along both edges, but the lower canines were hardly larger 
than the incisors. The skull was longer than in modern cats and in 
every way resembled a smaller and more primitive edition of that of 
Smilodon, The lower jaw was relatively much stouter than in the 
latter and the flange was so deep that the tusks were completely 
protected and could only be used when the mouth was open. Smilo- 
doriy on the other hand, could have used the tusks very effectively 
with the mouth closed ; whether it did or not is a matter of opinion 
which cannot now be decided. The body and tail of Hoplophoneus 
had more the proportions of a modern leopard, but the limbs were 
more powerful, although far less so than in Smilodon, The char- 
acter of the fore limb-bones implies great freedom of rotation of the 
fore paw, showing it to have had a more general use than in modern 



Fig. 179. — Restoration of an ancestral saber-tooth, Hoplophoneus, 
(Modified after Knight, from Osborn.) 


cats. The feet were small, five-toed, but with fully retractile claws. 
Thus Merriam says: ^‘The presence of long, knife-like canines is 
correlated with powerful grasping feet possessing highly developed 
retractile claws. With its powerful feet the animal clung to its prey 
while it struck repeatedly with its thin, sharp sabers.” 

Machairodus (Fig. 177, D) is the Miocene to Pleistocene repre- 
sentative of the saber-tooth phylum, known from very fragmentary 
material in North America, but from practically perfect skulls 
in the Miocene of France. The skull is like that of Smilodon, 
but somewhat more primitive, being longer, with a smaller brain- 
case and muscular crests. The mastoid processes for the insertion 
of the stabbing muscles of the neck were less developed. The jaw, 
on the contrary, was proportionately heavier than in Smilodon and 
the protective flange much larger. It was insufficient, however, 
fully to protect the canine when the mouth was closed. Machairo- 
du8 is in many respects midway between Hoplophoneus and Smilo- 
don, but whether or not any of the American Miocene and Pliocene 
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forms are surely of that genus cannot be decided until skulls are 
found. The jaws which are known, however, are quite similar. 

The genus Smilodon (Figs. 176,A; 177,F; 180; PI. XX) termi- 
nates the series of saber-tooth cats and has already been character- 
ized in contrast with Felts (page 521). It seems to be exclusively 
New World, the European Pleistocene saber-tooths belonging to 
the more conservative Machairodus. Smilodon was originally dis- 
covered in South America (Pampas formation), but its presence in 
North America is abundantly proved by the profusion of its re- 
mains at Rancho La Brea. As it is often found in association with 
ground-sloths {Mylodon^ etc.) which are unknown in the Old World, 
its final specialization over the more conservative Machairodus j 



Fig. 180. — Restoration of the final saber-tooth, Smilodon. (After Knight, 

from Osborn.) 

its European contemporary, may well have been a special adapta- 
tion to destroy and devour the great sloths in particular, rather 
than the other pachyderms which formed the dietary staple of 
saber-tooths in general. 

There is preserved in the Museum at Buenos Aires a skull of 
Smilodon neogxus, casts of which may be seen in many museums, 
in which one of the tusks is locked fast by its tip between the 
equivalent canine and incisor of the lower jaw. This has been 
cited as argument for the belief that these structures had grown so 
huge as to become an actual menace to the individual, causing in 
the present instance a case of mechanical lockjaw w^hich was 
followed by death from starvation. The analogy, although not 
precise, lies with the deer whose antlers are occasionally locked in 
combat resulting in the speedy death of the contestants, either 
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from starvation or because their subsequent helplessness renders 
them an easy prey to human or other enemies. This has been taken 
as an argument in favor of momentum in variation (Loomis), by 
which is meant orthogenetic variation, possibly guided in part 
by natural selection, but which, instead of ceasing when the point 
of greatest usefulness is attained, breaks away from selection 
control and continues to increase even to the limit of disaster. 

Merriam speaks of the destructive apparatus of the saber-tooth 
tiger as '^one of the most deadly combinations that has been 
found in any flesh-eating animal, but like the delicate mechanism 
of the high-power gun there seem also to have been great pos- 
sibilities for becoming disabled; and if the long, thin sabers were 
once broken the saber-tooth would be less effective than the other 
large cats. ... In a large number of specimens found there is 
evidence of fracture or loss of one [see Plate XX] or both sabers 
long before the death of the animal, so that the extreme specializa- 
tion of this creature may have led to a stage at which accidents 
occurred so commonly as to destroy the type.’^ 

Matthew, on the contrary, cannot believe ^‘that vsuch a noxious 
character could be developed to the point of seriously reducing the 
expectation of life of the individuals in which it was present, much 
less of being the direct cause of the extinction of a race.’^ He be- 
lieves that in Smilodon, the immense development of the canines 
‘^inade them highly efficient weapons for a particuilar mode of 
attack and was an essential element of its success in its especial 
mode of life, not a hindrance or bar to its survival.’^ 

As we have seen, the evolution of the biting cats, swift of foot 
and powerful of jaw, was correlated with that of the tliin-skinned 
cursorial ungulates, their normal prey. With them, these cats 
spread and waxed strong and powerful, and with their diminution 
in the New World the felines diminished. In the Old World, on 
the contrary, both great cats and great game of the cursorial sort 
are still numerous. 

The machairodonts, on the other hand, increased pari passu with 
the heavy, slow-moving, thick-skinned forms and with them they 
diminished, for both these ungulates and ground sloths and their 
saber-tooth enemies are extinct in the New World, while in the Old 
the great ungulates are rare and so far between that the saber- 
tooths have entirely disappeared there as well. Since their day the 
elephants and rhinos, once their stature is attained, fear no foe but 
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man, although the lions and tigers do assail their young and thus 
they are held in check. It is the old story of high and narrow spe- 
cialization and the dependence upon a peculiar sort of conditions 
and of food — eliminate those conditions or the food and the very 
specialization which was once a mark of adaptability now makes 
the race inadaptable and its doom is sealed. 
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CHAPTER XXXIV 


CETACEANS 

Place in Nature. — To the Cetacea belong the whales and por- 
poises, a remarkably clearly defined group, and yet one showing 
convergences toward several other unrelated orders of animals. 
They are lung-breathers and hence secondarily aquatic forms, 
a characteristic which, together with their warm blood and their 
viviparous young, suckled for a time by the mother, places them 
among the mammals, despite their fish-like form. 

They converge in a remarkable manner toward the true fishes, 
notably the sharks; a second comparison lies with the ichthyosaurs, 
reptiles which occupied the same niche in nature^s economy during 
the Mesozoic Era that the Cetacea do to-day, not only in general 
bodily adaptation to the seas but in their implied habits also. Yet 
another convergent group are the contemporary Sirenia or sea- 
cows, dugongs, and manatees, which, in spite of dissimilar feed- 
ing habits, were formerly included in the order of whales, as 
Cetacea herbivora in contrast with the Cetacea carnivora. Now 
enough is known of the Sirenia to place them entirely apart, for, 
as we shall see they are really sea-going ungulates derived from 
the same stock as that which gave rise to the proboscideans. 
Their only claim to relationship with the whales lies in their com- 
mon heritage as placental mammals, and there the kinship ceases. 

The actual nearest relatives of the Cetacea are the Carnivora, 
out of a more or less common creodont ancestry. Such evidence as 
we possess for this relationship will be set forth later. 

Characteristics. — These are mainly specializations for life in 
the great waters and are many and varied. 

The contour is typically that of a swiftly swimming fish, stream- 
lined, the head confluent with the body without a discernible 
neck. In but one or two forms is any movement of the head 
on the body possible. From the point of greatest girth about one- 
third of the way back from the snout the body tapers into the 
^^srnair^ from which the widely expanded flukes take their origin. 
These, in common with those of the sea-cows, form a horizontal 
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propelling fin of high efficiency, the two flukes being divided by a 
notch on the hinder border. They have no bone other than the 
centrally placed caudal vertebra but are supported by a dense 
fibrous connective tissue. 

The head is relatively large, being sometimes one-third the 
total length of the animal. The gape is very wide, as the entire 
mouth has a prehensile function, 
the masticating portion common 
in mammals being absent. The lips 
are stiff and contain a great deal 
of oil. 

The fore limbs, the *^fins^^ or 
pectorals (Fig. 181), are ovoid 
paddles, freely movable at the 
shoulder but showing no external 
indication of digits or claws. The 
hand cannot be clenched, but the 
fin is somewhat flexible. It varies 
greatly in form and proportions in 
different whales. Its function is 
balancing and sometimes in part 
propulsion, also to aid in vertical 
and horizontal steering. 

The hind limbs (Fig. 182) are 
vestiges, entirely within the flesh, 
and consist of one or more bones on either side, the ischia and 
sometimes a small femur, rarely a portion of the tibia as well. The 

actual limb bones are found only 
in the whalebone whales, with 
the exception of the cachalot 
{Physeter), In but one recorded 
instance out of thousands of cap- 
tures has an external hind limb 
been seen. A humpback whale 
{Megaptera nodosa) taken off the 
whaling station in 
July, 1919, possessed, on either 
side of the vent, a tapering cylinder about four feet two inches long 
containing a cartilaginous femur, a bony tibia, vestiges of the tar- 
sus, and a metatarsal bone — a remarkable case of racial atavism. 



australis. (After Van 
Beneden and Gervais.) 



Fig. 182. — Pelvic bones of Euha- 
laena rnysticetus. (After Van Beneden Vancouver 
and Gervais.) 
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A dorsal fin, which varies in shape, height, and position, is 
present in most whales. It is absent, however, in the right whale 
and the white whale, and is vestigial in the sperm. 

The skin is smooth and glistening, with no trace of hair, except 
for a few coarse bristles about the lower lip and sometimes around 
the blow-hole and forward to the snout in the sulphur-bottom. 
ICven the foetal hair is lost in the white whale {Beluga) ^ showing 
how extremely long its aquatic adaptation has been. Hair is value- 
less as a heat-retaining clothing when submerged, for its principal 
efficiency lies not in the hair itself but in the static blanket of air 
which it contains. The replacement of the air hy water is what 
nullifies hair as a non-conductor. Its function is taken by the blub- 
ber. This consists of a mesh of connective tissue, lying beneath 
the skin, and containing oil, which is fluid in the living whale but 
congealed in the dead animal. Blubber varies in thickness from 
one to three inches in the smaller porpoises to 17 inches or more in 
a fat sperm whale and is immensely tough, resisting strains up to 
thousands of pounds. 

The eye is relatively small for the bulk but actually large in 
a great whale, up to four times that of an ox. It is situated not 
far from the hinder angle of the mouth — sometimes immediately 
behind it, again above. Some whales, like the sperm, are limited 
in the range of their vision — naturally they cannot look backward, 
nor can the sperm see forward. A whale is sometimes seen to erect 
himself in the water and slowly revolve to sweep the horizon and 
thus assure himself of the absence or whereabouts of his enemies. 
The eyeball is immovable and lacks the power of accommodation, 
moreover the vertical and horizontal curvatures of the crystalline 
lens differ, so that a whale sees poorly in the air, due to astigmatism 
and inability to focus or roll the eye. The eyes are fitted to with- 
stand not only the varying pressures due to submergence but the 
impact of the seas in rapid swimming. 

There is of course no external ear or pinna, except that it is said 
occasionally to reappear as an atavistic structure in the por- 
poise. The ear opening lies in the wake of the eye and is a mere 
slit in the skin in the California gray whale, Rachianectes glaucus, 
and in the humpback, while in the Greenland whale, Eubalaena 
mysticetus, it is a minute aperture not over a quarter of an inch in 
diameter, sometimes hardly discernible, and again entirely lacking. 
The meatus is entirely closed in baleen whales. As water carries 



CETACEANS 


535 


sound with about four times the intensity of air, the ears serve 
their purpose well enough but would be of little service in the 
air. The tympanic bulla, which is large and well-developed, acts 
as a sounding-box. The water vibrations, being transmitted 
through the tissues, set up corresponding vibrations in the bulla, 
from which they are communicated by the chain of ossicles to the 
inner ear. The typical cetacean bulla is found in all the whales, 
including the extinct zcuglodonts, showing that this device for 
hearing was acquired very early and is an indication of inter- 
relationship of the three phyla. 

The nostrils or blow-holes are situated at the apex of the head, 
except in the cachalot (sperm), in which the single crescentic 
aperture is at the extreme forward end of the truncated head, the 
noddle end’^ of the whalers. As it is on the left side, the spout 
is oblique. In the whalebone whales the nostrils arc separate; 
in the toothed whales they unite to form one aperture. The closing 
mechanism also varies in each group but is highly effective. The 
sense of smell is apparently lacking, at any rate while submerged. 
Judging from the skull, the zcuglodonts must have possessed a 
fairly well-developed sense of smell for use on the surface, in the 
baleen whales the olfactory organ is present but doubtfully func- 
tional, while in the toothed whales it is entirely lost. The spout 
is specifically characteristic. What it consists of has been a subject 
of discussion, but it must be expired vapor from the lungs, because 
it dissipates into the air and does not fall back into the sea, as 
water would. It is comparable to that seen in our breath on a cold 
day, but in the whale it is visible at any temperature. If the whale 
begins to blow before the nostril has actually cleared the surface 
of the water, some of the latter will naturally be sent aloft with 
the force of the blast. 

The duration of submergence naturally varies with the species 
and size (and age) of the whale, a cachalot being under for fifty 
minutes to an hour and a quarter. Returning to the surface the 
animal, if undisturbed, will blow 60 or 70 times with great regular- 
ity during a period of about twelve minutes. He then pitches head 
downward until he stands vertically with the flukes high in the air, 
and sounds to a great depth, possibly a half-mile to a mile. How he 
withstands the enormous pressure changes to which he is sub- 
jected is a mystery, for at the extreme depth the pressure would 
be nearly a ton to the square inch! 
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The skeleton is composed of light bone, the spongy cavities of 
which are filled with oil, and is rather simple in appearance com- 
pared with that of many land animals. This is due in large measure 
to the fact that the body is water-borne and the stresses are few, 
except for resistance to the longitudinal force of the huge muscles 
of the trunk and tail. 

The skull, like that of many marine vertebrates, is peculiar 
in that the cranium is short and high, almost globular in some 
instances, while the jaws form a more or less prolonged rostrum 
or beak. All cetacean skulls above the zeuglodonts give indica- 
tion of telescoping in differing degrees, and this has resulted in 
the shortening of the cranium; whales were evidently derived 
from a group of animals in which the sutures of the skull were 
squamous, that is, overlapping, rather than denticulate. Thus the 
bones can override and slip past one another. The telescoping, 
which differs in plan in the toothed and whalebone whales, is 

apparently the outcome of 
two opposing forces, one 
the resistance of the water 
and the other the forward 
thrust of the vertebral 
column, which have re- 
acted upon the anterior 
and posterior portions of 
Fig. 183. — Skull of Tursiops Uirsio, show- the skull respectively, each 
ing asymmetry. (After Van Bcnederi and of which were plastic as 
Gervais.) , -.i 

compared with the more 

resistant middle area. In addition to this there is evidence of a 
downward stress in the whalebone whales, due to the form of the 
muzzle and the fact that, as they feed swimming with the wide 
mouth open, there is a tremendous downward drag to the jaws. 
The toothed whales do not show this, but in them the cranium 
is almost invariably asymmetrical (see Fig. 183) and apparently 
always in the vsame way, the vertex and condyles being shifted 
toward the left, as though they were subject to an oblique strain, 
due perhaps to the head being carried somewhat to one side; 
or it may be due to the fact that they do not swim in a per- 
fectly straight direction, perhaps in part because of a sculling 
motion of the tail, just as the turning of a single screw propeller 
in one direction tends to deflect a boat from her course and has 
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to be offset by the helm. The telescoping and asymmetry are 
very ancient and were established before family differentiation 
arose. Both are apparent illustrations of kinetogenesis (see Chap. 
XII), but are, however, subject to hereditary control. The jaws 
of the baleen whales differ in contour from those of the toothed 
whales, being bowed upward or outward as the case may be; in 
the latter they are straighter and more parallel. 

The vertebral column is simplified (see Fig. 56), especially in 
the articulation of the elements with one another, due, as has 
been said, to the absence of vertical strains. In some instances the 
zygapophyses fail to meet, the only articulation being at the cen- 
tra. The spinous and transverse processes may be prolonged, 
especially in the after regions, for muscular attachment. The short 
neck has been mentioned, and, while it contains seven vertebrae, 
a number which, with extremely rare exceptions (tree sloths and 
manatee), is universal among mammals, the individual bones are 
extremely short and often coossify into a single bony mass, due 
to the same forces that gave rise to the telescoping of the skull. 
There is no present indication of a sacrum, although certain verte- 
brae just anterior to the caudals must represent such a structure 
historically. The lack of hip bones, other than the small flesh-buried 
ischia which have no connection with the vertebral column, has 
made for a secondary simplification of this region of the body, 
back to a primitive condition comparable to the fishes. The 
caudals are recognizable only by the presence of V-shaped chevron 
bones beneath them, which protect the great blood-vessels of the 
tail, as the neural arch protects the spinal cord. The posterior 
caudals are reduced to the centra alone and show a dorso-ventral 
flattening, corresponding to the horizontal expansion of the flukes. 
There are no bones supporting either the flukes or the dorsal fin. 
The ribs are also simple, generally single-headed, and usually but 
one (Mystaceti) to four or five (Odontoceti) articulate ’with the 
sternum. In the pygmy right whale (Neohalcena), all but the first 
three or four ribs have actually lost their connection with the 
vertebrae themselves. There are no clavicles, and the scapulae have 
a very characteristic form, generally fan-shaped, though differing 
characteristically. The head of the humerus is spherical and 
freely movable within the shoulder socket, all of the other articula- 
tions of the fore limbs being imperfectly formed, so that no bending 
of the joints is possible other than a certain flexibility of the entire 
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fin. All of the bones beyond the humerus are flattened and often, 
especially in the carpus, are widely separated b 3 ^ cartilage. Some- 
times in old whales the wrist bones fuse into a single element. The 
digits are generally five in number, although the first may be lack- 
ing and one or two others reduced. The whalebone whales have 
lost the thumb which the toothed whales have retained. The 
second and third digits and sometimes the fourth may exhibit 
hyperphalangy, especially in such a whale as the humpback 
{Megaptera, Fig. 193) in which the fins are very long. 

The teeth vary greatly in their development. Disregarding for 
the time being the ancient aberrant whales, the zeuglodonts, the 
teeth are generally reduced to compressed cones, each with a 
single root, and have increased in number greatly beyond the 
primitive 44 of the placental mammal, for a modern dolphin may 
have upwards of 250 teeth. The teeth may be present and func- 
tional in both jaws, as in the porpoises, or in the lower jaw only 

with vestiges in the upper gums 

^ xL A sperm whale (Physeter). 

They may be reduced to a sin- 
strap-like teeth in the 
lower jaw (cow whale, Mesoplo- 
, 1 MesopMon Uyardi, Fig. 184), or to a 

to Whales.) Single long upper tusk, as m the 

male narwhal (Monodon) , In the 
whale-bone whales (Mystacoceti) functional teeth are utterly lack- 
ing, but small pin-shaped vestiges are present in the embryo, buried 
in the gums. These soon disappear entirely. (A further description 
of the mouth armament will be found under the several genera 
discussed.) 

The milk glands open on either side of the vent and are provided 
with reservoirs with compressor muscles which contain an abun- 
dant supply of rich milk. This accelerates the feeding of the 


young. 

In size the Cetacea vary enormously from perhaps 2^- feet in 
the smaller porpoises to 90, 100, or even 110 feet for the great blue 
whale. For a whale of 75 feet the weight approximates a ton to 
the foot, but as the bulk increases with the cube the greatest 
weight may run up to 150 tons: by far the largest animal that 
lives or has lived, for no dinosaur known had a comparable ton- 
nage. (See Fig. 64.) 
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In agreement with most creatures which depend upon movement 
for safety, the young are mentally precocious. 

Habitat. — Cetacea inhabit all the known seas; some are cos- 
mopolitan, others restricted in their cruising range. Yet others, 
normally marine, may ascend certain tidal rivers, while certain 
of the dolphins are exclusively confined to fresh water such as the 
larger rivers of South America, the Amazon, La Plata, and Orinoco, 
as well as the Ganges, Irawaddy, and Chinese rivers of Asia. ^ -i 

Habits. — While all Cetacea are carnivorous animals, but two 
genera, Orcinus the killer whale (Fig. 57) and Pseudorca the lesser 
killer, feed upon warm-blooded prey — seals, penguins, and other 
Cetacea. The killers acting as a pack will make a concerted attack 
on the Greenland whale and tearing open the lips devour out the 
tongue, which effectually decommissions the victim even though 
he may not die directly as a result of the injury. The other toothed 
whales feed upon fishes, but especially upon crustaceans and 
cephalopod mollusks. This last is particularly true of the cachalot, 
learned not only from direct observation but from the stomach 
contents which the whale disgorges in his death flurry. 

The baleen whales on the other hand feed upon small planktonic 
organisms such as pteropod mollusks or vsea-butterflies, and Crus- 
tacea, thousands of which are sacrificed for a meal. The method 
of their feeding will be detailed later. 

In habits other than feeding, whales are gregarious and were 
formerly found sometimes in schools of many thousands, others 
singly or in pairs, but the numbers are now sadly diminishing, ow- 
ing to intensive steam whaling. Individually they are timid and 
inoffensive, except when the young are threatened or injured and 
maternal solicitude comes to the fore. The male cachalot is oc- 
casionally aggressive, and while some can be killed with little pro- 
test, others are fighters and not only turn upon and smash the boats 
with head, flukes, and jaw but have been known to sink the whale 
ships themselves. Among recorded instances are the ^‘Alexander’’ 
and Kathleen of New Bedford, the latter in 1902 being 
charged repeatedly until she opened up so that she sank. A more 
terrible tale is that of the “Essex” of Nantucket in 1819, involving 
the grimmest of deep-sea horrors before her men were finally 
rescued. The “Essex ” met a whale head-on when each was mak- 
ing about three knots. The ship began to leak, while the whale 
withdrew to a distance of about a mile. When he had recovered 
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from the concussion he charged the ship^ staving in her bow so 
that she sank in five minutes. How many of the other missing 
whale ships during the long years of the industry owe their destruc- 
tion to whales no one can say. In general, however, the danger 
of the whale fishery is not due to offensive tactics on the part of 
the creatures themselves but to close contact of a small light boat 
with the huge bulk of a thrashing whale. 

Evidences of Evolution 

Ontogeny. — Occasional whale embryos are found within the 
mother and show several items of interest, such as the absence 
of flukes on the tail of the very young specimens — the flukes 
making their appearance later as lateral outgrowths of the tail. 
It was formerly thought that these possibly represented vestiges 
of the external portion of the hind limbs which had migrated aft 
from their normal position on either side of the vent. This is, 
however, disproved by the presence of external hind limb vestiges 
in the embryos in certain genera, such as Megaptera^ which later 
disappear, and also in the specimen of Megaptera mentioned 
above, in which the atavistic hind limbs were present in addi- 
tion to the flukes. 

The angulation of the head on the neck in the normal quad- 
rupedal posture is another interesting feature shown by the embryo 
whales. 

In the baleen whale embryos, ‘‘as many as forty or even more 
minute teeth with pin-like crowns may be found hidden in the 
gum on the maxillary, but they are soon resorbed. The atrophy 
of the teeth is followed by the growth of papillse along the outer 
margin of the upper jaw and these develop into a series of cross- 
wise-placed corneous [horny] blades, the baleen’^ (Tullberg [1883] 
from Kellogg [1928]). 

Systematic Review 

Whales are divided systematically into a number of phyla, of 
which the three principal ones are (1) the Archseoceti, aberrant 
Eocene whales which died out without further issue toward the 
close of the Oligocene. Out of some primitive forms, as yet un- 
known, however, arose the later whales which in turn are divided 
into (2) the Mystaceti or baleen whales whose vestigial embry- 
onic teeth point to a toothed ancestry, and (3) the Odontoceti 
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Fig. 185. — Skull of Protocetus, 
(After Fraas.) 


or toothed whales. The last are again divided into three or four 
families: the Platamstidse or river dolphins; the Delphinidse in- 
cluding the porpoises, sea dolphins, killers, and perhaps the nar- 
whal and white whale (Beluga) j (although by some these are put in 
a separate phylum), finally the Physcteridse, cachalots or sperm 
whales and the pygmy sperm (Kogia); the Ziphiidse or beaked 
whales; and the Iniidje which are largely extinct. 

Archaeoceti. — These aberrant whales are confined entirely to 
the Eocene and Oligocene epochs, first appearing in the rocks of the 

Lybian desert, Egypt, 
and culminating in bi- 
zarre types from the 
Gulf States of the United 
States of America. 

The first known form 
is Protocetus atavus (Fig. 
185) from the Lower Mo- 
kattam series near Cairo. 
This form serves to link 
up these whales with 
their land-dwelling ancestry, for it combines features of the creo- 
donts, especially in the teeth, with the typical skull of a zeuglodont. 

The next genus, both in stratigraphic occurrence and degree 
of evolution, is ProzeuglodoUy intermediate in character between 
Protocetus and Zeuglodon proper. The peculiar features of the 
skull and teeth can best be seen in the final phase, Zeuglodon or 
Basilosaurus. Distinctive features of Prozeuglodon (Fig. 63) are 
an elongated skull, the cranium of which has not yet taken on 
the telescoped character of the later whales. The anterior nostrils 
have receded to a position a little more than one-third the way 
from the muzzle, and the zygomatic arch tends to lighten as com- 
pared with a creodont skull. The teeth are peculiar, those of 
the forward half of each jaw being simple, somewhat curved conea, 
as in the later whales, while the cheek teeth are two-rooted with a 
laterally compressed crown which in the premolar teeth has a char- 
acteristic serrated appearance on both margins. The molars may 
be similar or their anterior margin may be plain, the serrations 
being confined to the posterior only. These teeth are apparently 
an adaptation for the holding and shearing of slippery prey and are 
somewhat similar to those of certain seals of supposedly comparable 
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feeding habits. The proportions of Zeuglodon osiris (Fig. 186) of 
Egypt are more like those of most whales, while Basilosaurus 
cetoides of Alabama is immensely elongated, especially in the 
lumbar vertebrae, and has a total length of 50 or 70 feet. The short- 
bodied zeuglodonts were of the proportions of an ordinary whale 
and like them must have swum with the up and down motion of the 
tail. The elongated types, B, cetoides and ms, must have lashed the 
entire body in a serpentine manner, aided of course by the flukes. 
They were probably much less eflicient and speedy than their more 
compact relatives. Basilosaurus converges strongly toward the rep- 
tilian sea lizards or mosasaurs (see p. 300, Fig. 62) of Cretaceous 
time and is the final expression of zeuglodont evolution, for with 
this genus, except for a few smaller Oligocene survivors, the entire 
line of Archseoceti becomes extinct, as these later forms have no 
connection with existing whales. 

Odontoceti. — This phylum embraces all of the toothed whales 
and dolphins other than the zeuglodonts and includes several diver- 
gent families which agree, however, in general conformity to 
type, the main distinctions being chiefly confined to the head and 
dentition. The structural ancestors, if not the actual ones, of the 
toothed whales belong to the family Squalodontidse, shark-toothed 
dolphins. These have a very full dentition, the anterior teeth 
being conical and single-rooted, while the posterior ones are two- 
or three-rooted with a compressed serrated crown. 

The oldest of the Squalodontidie is the small Microzeuglodon 
from the Caucasus, referred to Eocene time. The teeth and hu- 
merus alone are known, but Squalodon (Fig. 187) is well repre- 
sented in the Miocene of continental Europe. The beak is long 
and slender, much more so than in the related Frosqualodon of 
South America. 

From the Squalodontidse arise the sperm whales, Physetcridie, 
the intervening types, according to Abel, being Scaldicetus from 
the Miocene and Pliocene of Europe, North America, and Pata- 
gonia, the finely serrated teeth of which are single-rooted; Phj- 
seterulaj Miocene of Europe, in which the teeth have lost their 
enamel; Prophyseter, in which the upper teeth are gradually lost, 
the incisors early in youth, the maxillary teeth later; and Physeter 
itself. The last mentioned, toothless in the upper jaw, first appears 
in Pliocene time. The actual evolution of the family occurred 
during Miocene time, with little change since. 
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The modern sperm whale or cachalot (Physeter catodon. Fig. 
188), is of remarkable aspect with a huge blunt head, which is at 
least one-third the entire length. The skull within is most peculiar, 
with a large curved transverse crest and slender upper jaws which 
serve to support the ^‘case,^^ a reservoir of liquid oil known as 
spermaceti, and the spermaceti cushion. The cervical vertebrae 
are fused with the exception of the atlas. The sperm whale’s 
lower jaw is also slender and is armed with two nearly parallel 
rows of 20 to 25 gleaming teeth, each of which is a stout, some- 
what recurved cone of a good quality of ivory. There is a very 
low dorsal fin of irregular outline, and the pectorals are rather 
small. 

The color is black above, shading into gray below. The food 
consists largely of squid, especially the giant squid, Architeuthis 
(Fig. 110), to capture which the whale must dive deep, probably 
down to the twilight zone of the sea, and therefore suffer a very 
great increase of pressure. The single blow-hole of this whale 
is not at the apex of the head but at the end of the blunt snout and 
on the left side, so that the spout is characteristically oblique. 
Cachalots are among the larger of the whales, ranging from 50 to 
upwards of 65 feet. They are fairly fast swimmers, making five to 
six knots, probably more when excited. The diving speed is 
eight knots. The sperm whale is one of the most widely distributed 
of all, inhabiting for the most part the warmer seas but venturing 
as far north as the Shetland Islands. This together with the right 
whale was the one most sought for by the old-time whalemen for 
the high value of its oil, especially the spermaceti. 

Another available product of the cachalot is the substance known 
as ambergris, an intestinal secretion due apparently to the irritation 
caused by the beaks of the squid which form its food. Occasionally 
an emaciated whale will contain the material in its intestine, at 
other times it is found afloat. Its value of $15 to $20 an ounce 
is due to its demand as a basis for perfumery, in that it has the 
peculiar property of intensifjdng greatly any other perfume with 
which it is compounded. In 1898 a lump of 270 pounds sold in 
Paris for £18,360 or about $89,000. It is not in itself pleasant but 
had formerly a supposed medicinal value. 

The pygmy sperm whale (Kogia) is the only other living member 
of the Physeteridse. It is from 9 to 13 feet in length. 

Another family of whales is the Ziphiidje, or beaked whales, in 
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which the functional teeth entirely disappear, except for one or 
two pairs in the lower jaw. There are, however, vestigial teeth 
which do not cut the gum. Like the sperm whales, the beaked 
whales complete their evolution by Upper Miocene time, an 
immediate ancestor being Cetorhynchus^ preceded by Diochotichus 
of the Lower Miocene, the earliest recorded ziphioid whale. The 
principal living genera are Mesoplodon, the cow whale, Ziphius, 
and Hyperoodoriy the latter the bottle-nose. Mesoplodon iias 
persisted from the Upper Miocene, although now diminishing in 
numbers. There is but a single pair of lower teeth, which in M. 
layardi (Fig. 184) curve upward and inward in such a way that in 
old individuals they meet above the upper jaw, apparently limiting 
the opening of the mouth, a specialization of doubtful value to its 
possessor. Hyperoodon^ the bottle-nosed whale, is rather small of 
head, with large maxillary crests greatly developed in the male. 
This whale, which may be 30 feet in length, is black in the young 
and grows lighter with age. Its submerged depth and endurance 
are great, two hours being recorded. Another peculiarity mem 
tioned by Beddard is that it ^‘can leap right out of the water, and 
while in the air can turn its head from side to side,’’ an accomplish- 
ment known of no other whale. H, rostratuniy the common bottle- 
nose, is found in the northern seas. They are said to ^^sob” in their 
vocalizations. They are gregarious, the school or “gam” number- 
ing four to fifteen. 

Eurinodelphidae. This family of whales are numbered among 
the extinct at present but in Miocene time, especially in Belgium 
and North America, they were the most abundant of all that 
have been preserved to us. They are characterized by an im- 
mensely prolonged and very narrow rostrum, which is thrice the 
length of the cranium, and in which both jaws possess numerous 
simple teeth. Eurinodelphis is the principal known genus, which 
partakes of the nature of both the beaked whales and the dolphins. 
They are evidently related to the Ziphiida^, although forms directly 
ancestral to the latter are as yet undiscovered. 

* Iniidse. The rostrum is long in the more primitive genera but 
later somewhat shortens; the numerous teeth, with the exception 
of those in Inia itself, are simple single-rooted cones. The cranium 
iS rounded and the cervical vertebrae distinct, the other vertebrae 
being elongated. 

Inia has a vestigial dorsal fin and large ovate pectorals, and the 
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posterior teeth often bear an accessory tubercle. The skull lacks 
the high maxillary crests of Platanista (Fig. 190), and the vertebral 
column is short, having but 41 vertebrae. The neck vertebrae, on 
the other hand, are rather long for a whale. The single species, 
Inia geoffroyemisy is a native of South America, inhabiting the 
Amazon River. It varies in color from pink to black above and 
pink below and is held in superstitious dread by the natives, who 
claim that it will attack them ; while Sotalia, a true dolphin (yet to 
be described), will defend them from Inia. Inia reaches about 
seven feet in length. Pontoporia (Fig. 189), the La Plata dolphin, 
has a well-developed dorsal fin and a long rostrum with 50 to 60 
pairs of teeth, 200 in all. This creature has a color corresponding 
closely to that of the water, brown with some variations. It is 
smaller tlian /nfa, measuring but four feet in length. Pontistes, 



Fig. 189. — La Plata dolphin, Ponloporia. (After British Museum Guide to 

Whales.) 


an extinct Argentine genus, resembles Pontoporia closely but 
exceeds it in size. The toothless extremity of the mandible turns 
up, which is an absolutely unique feature. Other Tertiary genera, 
Pontivaga and Ischyrorhynchus, are also known from Patagonia 
and Argentina, while Cyrtodelphis is an abundant fossil in the 
Miocene of Europe and North America (Abel). 

Platanistidse. This is the first family of river dolphins to be 
considered, the susa, Platanista gangetica (Fig. 190), inhabiting 
the Ganges, Indus, and Bramaputra rivers of India. It also has 
a fairly long beak with thin sharp teeth, which grow thicker and 
blunter with age. The skull bears a high crest. The peculiarity 
of this eight-foot whale lies in its blindness, as the muddy rivers 
and its habit of groping in the bottom mud for the crustaceans and 
fishes which form its food render sight of little value. 

Delphinidae. This is by far the largest family of whales but 
does not include the largest individuals, for these are the dolphins 
and porpoises of small to moderate size. As a rule there are 
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numerous teeth present in both jaws, and the skull never shows the 
large maxillary crests of the Iniidse. As many as 19 genera of Deh 
phinidaB with some 50 species have been described, grouped into 
at least two subfamilies. Of these the first is Delphinapterinse 



Fig. 190. — Skull of Platanista. (After Van Beneden and Gervais.) 


(Beluginse), including the white whale, Beluga, and the narwhal, 
Monodon, with a single species of each. 

Beluga (Fig. 191) is a northern whale about 10 feet in length, 
white in color as an adult, although blackish when young. Its head 
is rounded, and there is a distinct constriction of the neck, as in 
the Platanistidae, with a corresponding lack of coossification of 
the neck vertebrae. This creature, while marine in distribution, 
will occasionally ascend the rivers in search of food, being especially 



Fig. 191. — Beluga, the white whale. (After Scammon.) 


fond of salmon. It has comparatively few teeth, eight or ten, in the 
anterior part of the mouth, and there is no dorsal fin. 

The narwhal, Monodon, is unique among whales in the posses- 
sion of a tusk or horn, developed in the male, vestigial in the 
female. This is the continuously growing upper incisor tooth, 
generally the left, sometimes the right, rarely both, which is a 
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spirally twisted horn of ivory, the twist always turning to the 
left, whether the tusk be left or right. Aside from the tusks, these 
whales are entirely toothless. In other respects the narwhal 
agrees closely with Beluga^ although its '".olor differs in that it is 
generally spotted, though older animals also tend to become white. 
The horn is of course a secondary sex character and is difficult of 
explanation. Its use as a weapon for the combat of rival males 
seems hardly convincing, for, although they have been seen to 
cross tusks as though fencing, they seem to be gentle animals, as 
are most whales, and I know of no record of an actual conflict. 
Another suggestion is that the horn may be used to break and 
maintain blow-holes in the thick ice of their arctic home. If so, 
why do not the females possess them, unless the males are suf- 
ficiently gallant to provide free air for both sexes? Their suggested 
use as a weapon in impaling their prey is also apparently without 
proof. It is of interest to students of heraldry that the narwhal’s 
horn is that of the fabled unicorn, which supports the British coat 
of arms. The tusk was supposed to have medicinal properties dur- 
ing mediaeval times. Narwhals are rather small, seldom exceeding 
fifteen feet, not including the tusk, which may be seven feet or 
more in length. Like the white whale, the narwhal is hairless, even 
on the lips. It is said that the embryo beluga is devoid of the 
usual foetal hair. Whether this is also true of the narwhal is a 
question. The food of the latter is largely molluscan, with some 
fish. 

Subfamily Delphininse, the dolphins and porpoises. These are 
comparatively short-snouted forms with a well-rounded cranium. 
The teeth vary in number in both upper and lower jaws but are 
simple single-rooted cones. There are no teeth in the premaxilla- 
ries, but as the maxillaries extend to the end of the upper jaw the 
teeth are well distributed. The anterior cervicals are fused. At 
present this subfamily includes the greatest number of living 
toothed whales. They are very widely distributed, inhabiting not 
only the seas but the mouths of some rivers, although rarely exclu- 
sively fluviatile. Fossil dolphins range from the Lower Miocene 
on but are relatively not so numerous. Certain of the family, 
notably the harbor porpoise, are found occasionally with what 
appear to be dermal ossicles and have been taken as evidence 
for the derivation of this group of cetaceans, if not all of them, 
from an armored ancestry such as the edentate stock. Other 
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authorities claim that the so-called ossicles are merely calcifications 
of the skin and have arisen as new structures, having no historic 
significance. Certainly there is little other evidence for an edentate 
ancestry, and no other group of mammals are known to possess 
such an exo-skeleton. There seems to be no valid reason for sup- 
posing that the dolphins have arisen from a different ancestry 
from that of the other Odontoceti, although they have been an 
isolated group since Lower Miocene time. 

Delphinus (Fig. 192). This genus includes the common dolphin, 
D. delphis, which has a more distinct beak than most of the other 
forms. It varies so much in color and proportions, including the 




Fig. 192 . — Dolphiiiy Delphinus bairdii. (After Scammon.) 


numbers of teeth, that it has been divided into as many as seven- 
teen species; this, however, seems to be without adequate founda- 
tion. The small teeth may number as many as 65 pairs. Of the 
cervicals only the atlas and axis are fused, the pectorals are some- 
what sickle-shaped (falcate). This is the dolphin so conspicuous 
in the storied traditions of the past and in heraldry and coinage, 
where it is usually represented with arched back, as it generally 
appears when rounding out to breathe. The genus Sotalia is also 
beaked, but its teeth are larger and fewer. It differs from the other 
Delphininae in being largely restricted to fresh-water. One in the 
Amoy River of China is nearly white in color, that in the bay of 
Rio de Janeiro is pale brown. Most remarkable of all is S. teiizii 
from the African Cameroon River, which not only has an ex- 
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ternal tubular blow-hole, but is said to be vegetarian in its 
feeding habits. This last is borne out by the stomach contents 
of one individual, but whether it is universal with the species is 
not clear. 

Tursiops is represented by T. tursio, a very widespread dolphin. 
It is black to lead color above and white beneath. 

Tursio is distinguished from Tursiops by the absence of a dorsal 
fin. The latter is known from Pliocene time. 

Phocena, the porpoivse, has a row of tubercles along the dorsal 
fin; it is also blunter headed than Tursiops and lacks the distinct 
beak. P. communis ranges from 6 to 8 feet in length and in it six 
cervical vertebrae are fused. It is gregarious, often following ships, 
and will ascend rivers. 

Globicephalus has its teeth reduced to 7 to 12 pairs, and the 
head is peculiar in form, rising sharply behind the nostril, hence 
the name. This whale also lacks a beak. Its length of 23 feet 
makes it the largest of Delphinids, and its great numbers and sheep- 
like herding instinct make it easy of capture. The popular name of 
the most familiar form is pilot whale or cafing whale. Another dis- 
tinctive character is the degree of hyperphalangy of the two 
middle digits of the hand, as many as 12 to 14 bones being present 
in each. (See Fig. 13, C.) 

Grampus is another allied genus. There are 3 to 7 teeth in front 
of the lower jaw, but none above, a condition comparable to the 
sperm whale and rare among the dolphins. There is again no beak, 
and the pectorals are long. It is not a very common whale. 

Orcinus orca (Fig. 57) is one of the most interesting of the dol- 
phins. It is the killer whale and is often, though erroneously, 
known as the grampus. The killer is a powerful creature, sometimes 
30 feet in length, and is black with conspicuous markings of white 
and yellow. It is, as we have seen, the only cetacean to prey 
habitually upon warm-blooded creatures. It has a high, pointed 
dorsal fin which adds to its striking appearance. Its voracity may 
be measured by the stomach contents of one specimen, which con- 
sisted of 13 porpoises and 14 seals! We have told of the combined 
attack of these sea-wolves upon the huge but comparatively in- 
offensive Greenland whales. The offensive weapons of Orcinus are 
its strong conical teeth, upwards of 42 in number. 

Pseudorca differs but little from Orcinus. The teeth are fewer 
and the dorsal fin smaller and nearly all of the cervicals are fused — 
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twice as many as in Orcinus. Orcella, another allied genus, is 
both marine and river-inhabiting (Irawaddy). Pseudorca was first 
known as a fossil from the Pleistocene of the Cambridge fens. It 
was not until later that it was found to be living. 

Mystaceti or baleen whales. — ^These are the whales in which 
the teeth are embryonic germs only, their function being sub- 
served by the whalebone or baleen which hangs from the roof of 
the mouth. As a rule, the upper jaws are slender and are bowed 
upward in varying degree, while the lower jaws curve outward 
in the horizontal plane, touching at the anterior end without 
actual fusion. Between them is the huge tongue, a vital part of 
the food-getting mechanism to be described. 

In contrast to the Odontoceti the skull is perfectly symmetrical 
and the blow-hole a paired aperture. The ribs are always single- 
headed and articulate with the transverse processes of the verte- 
brae only. With but a single exception, the pygmy right whale, 
Neobalsena, the whalebone whales are vast animals, being equalled 
among the Odontoceti only by the sperm whale, Phjseter, Some 
of them exceed the ponderous proportions of Physeter itself, for 
the great blue whale, Balaenopteraj with its upwards of 110 feet of 
length, belongs here. (Fig. 64.) 

The feeding mechanism consists of triangular plates of a horny 
substance, baleen, which hang from the roof of the mouth, com- 
parable to the transverse ridges which many mammals bear on the 
palate. These are frayed out into a hair-like fringe on their inner 
edge. So numerous are the plates that their combined fringes 
form a veritable sieve which permits nothing but water to pass 
between them. The whale, with the mouth wide open, rushes 
through vast swarms of small floating organisms (chiefly plank- 
tonic Crustacea and mollusks, like the sea-butterflies or ptero- 
pods). It then closes the mouth and presses the great tongue 
upward, thus driving out the water. The food, left stranded 
upon the tongue, is then swallowed. The plates of baleen vary in 
length and number in different whales, reaching a maximum of 370 
with a length of 13 feet in the bowhead. Their color varies accord- 
ing to the species from black through pink to white. In 1897 
whalebone was valued as high as $10,000 a ton, and a single whale 
might produce several tons. To-day, owing to changing feminine 
styles and the advent of the automobile, there is no market for 
it, as its principal use was for corsets and buggy whips 1 
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There are three existing families of Balaenids, the Balaenopteridse 
or rorquals, the Rachianectidse or Pacific gray whales, and the 
Balsenidae or right whales. 

Balsenopteridje. These are the largest of whales, although as 
a rule relatively less bulky than the Balsenidse. The other distin- 
guishing features are the grooved or furrowed throat and the 
presence of a dorsal fin. The bones of the comparatively smaller 
head are not so highly arched, and as a consequence the baleen 
is shorter. The furrowed throat seems to be a partial compensa- 
tion for this, as it permits of greater expansion and consequent 
movement of the tongue so that the feeding mechanism is just 
as effective. There are but four digits in the hand, as compared 
with five in the right whales, and the seven cervicals are not fused. 
The most interesting of the rorquals are the finner, blue, and hump- 
back whales. Of these the finner (Balxnoptera velifera) ranges from 
44 to 67 feet in length, brownish black to black above, white be- 
neath. The dorsal fin is high, and the pectorals relatively small. 
The number of baleen plates is about 330 on each side, and it feeds 
largely on small copepod Crustacea. 

The blue whale or sulphur-bottom, Balxnoptera (or Sibbaldus) 
musculus (see Fig. 64), is the largest of whales, specimens having 
reached the length of 100 feet and over, with an estimated weight 
of upward of 150 tons, by far the largest mass of animated flesh 
the world has ever seen, for if any of the sauropod dinosaurs 
approached it in length, and this is possible, their weight could not 
have been half as great because of their compact body and slender 
neck and tail. The common rorqual, B, physalus^ is from 65 to 85 
feet and the Sei whale not more than 50. All of these great whales 
are somewhat underpowered, their speed not exceeding 8 to 12 
knots, although, as their conformation would imply, they have 
twice the speed of the stockier right whales, which is one reason 
why they were not pursued by whalers in the days of sail. More- 
over, the short inelastic whalebone and relatively thin blubber 
rendered them far less profitable even if they could be overtaken. 
Modern steam whaling has changed all this, and the rorquals are 
no longer exempt from destruction. 

One of the most amusing of whales is the humpback (Fig. 193), 
Megaptera bodps (or nodosa), a veritable clown, not only in appear- 
ance but in behavior. It is a large whale of 50 feet or so, stocky, 
with enormous pure white pectorals, which are about one-fourth 
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the over-all length of the animal. The fins are tubercled along their 
margin, as are the jaws and head. Humpbacks are very subject 
to parasites, especially whale barnacles, of which some other 
whales are comparatively free. As with the other rorquals, the 
throat is furrowed. The rather low, irregular dorsal fin is said lo 
have given them their vernacular name; others claim that it refers 
to their habit of humping themselves when they emerge. They 
are widespread in all oceans and were once very numerous, but 
their friendliness and sportive habits have made them an easy 
prey to whalemen, so that their numbers are sadly depleted. The 
whale-bone is comparatively^ short and is black in color. 

Rachianectidse. This family includes a single form, Rachianectes 
glaucus^ the Pacific gray whale. It differs from the rorquals in 
lacking a dorsal fin and in the reduction of the throat furrows to 
two or four. In size it is relatively small, but 40., to 50 feet, the 
color is a mottled gray varying to black, and the light-colored 
baleen is short. These are shore-loving whales, lying in the surf in 
two fathoms or so of water and often being held stranded until 
released by the succeeding tide. The capture of these whales in 
shallow water was a very dangerous business, due to ^Hhe quick 
deviating movements of the animal, its unusual sagacity.^’ This 
is especially true of the females accompanied by their young, for 
they do not hesitate to chase, attack, and destroy the boats, thus 
endangering their crews, the resultant casualties to life and limb 
being frequent. 

Rachianectes is the least modified of all the whalebone whales 
and is readily derivable from the ancestral cetiothcres. They have 
been spoken of as ‘Tiving fossils, a term often applied to per- 
sistently primitive forms. 

Balsenidse, right whales. These whales are at once distinguished 
by the disproportionately large size of the head, both in length 
(being one-third the over-all dimensions) and in height. The 
throat lacks entirely the furrows found in the rorquals. In spite 
of their enormous bulk, they rarely exceed 50 feet in length, and 
there is no trace of dorsal fin. They possessed in large measure the 
old-time requisites, an abundant yield of oil and very fine long 
whalebone, which gave them their popular name of right whale in 
contradistinction to the other Mystaceti, which were wrong from 
the point of view of profitable whaling. 

There have been several genera and many species of these right 
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whales described, based either upon fragmentary material or upon 
variable individuals. As a matter of fact there are relatively few 
species and probably but one genus, Euhalcena. The Greenland 
whale is E. mysticetus (Fig. 194) and is confined to the Arctic Ocean, 
a timid, inoffensive type, which, however, dives to a great depth 
and is frantic in its efforts to rid itself of the harpoon — efforts 
which may result in a swamped or stove boat. All of this added 
greatly to the danger of old-time whaling, in addition to the perils 
of arctic navigation. The arctic whale is black with a white area 
on the under side of the jaw. 

The southern right whale is Euhalcena australis (or glacialis) and 
seems to include all others the world over, but its range does not in- 
trude upon that of mysticetus. The specific contrasts lie chiefly in 
the fact that in mysticetus the head is relatively larger and the whale- 
bone longer and finer. Minor skeletal contrasts are also recorded. 

Neobalcena is the pygmy whalebone whale, bearing the same 
relationship to the great whales that the pygmy sperm, Kogia, does 
to the cachalot, Physeter. Its length is but 20 feet. The dorsal fin 
is rorqual-like, but the shape of the head and absence of throat fur- 
rows, together with the long whalebone, link it rather with the right 
whales. The one species, N. marginata, is very local in its distribu- 
tion, being found only about New Zealand and South Australia. 

Ancestrally the whalebone whales are out of the Miocene Patrio- 
cetidae. 
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CHAPTER XXXV 


PROBOSCIDEANS 

Aside from the whales and the great dinosaurs of the Mesozoic^ 
the elephants lead the animal kingdom in size and majesty, and 
stand unique in nobility of physical and mental characters. Add 
to this the fact that their evolution since the close of the Eocene 
can be traced with great fullness, and their claim to our interest, 
second only perhaps to that of the horses and mankind, is com- 
plete. 

Place in Nature. — The placental mammals may be grouped, 
principally according to the character of their foot armament, into 
four cohorts: the clawed or unguiculate forms, the hoofed or un- 
gulate, the nailed or primate, and the cetaceans or whales. Of 
these the Carnivora, as representatives of the unguiculates, and 
the whales have been discussed, and we now pass to a considera- 
tion of the hoofed creatures, of which the Proboscidea form, in 
a sense, one of the most primitive of living orders. 

Proboscidea are therefore members of the class Mammalia, 
cohort Ungulata, which embraces also the familiar Perissodactyla 
and Artiodactyla, the archaic Condylarthra and Amblypoda, and 
the curious South American ungulates, as well as the Hyracoi- 
dea, and, as an appendix to the cohort, the Sirenia or sea-cows. It 
is with the last two orders particularly that we are concerned, for 
Paleontology has shown that however far removed from the lordly 
elephant the humble hyraces or conies on the one hand and the 
whale-like sea-cows on the other may be, they are nevertheless the 
nearest to the Proboscidea of all mammalian orders. 

The great divergences between the ultimate representatives of 
the Proboscidea and Sirenia, the elephant and manatee, are merely 
due to environmental adaptation, the offspring of swamp-dwelling 
ancestors coming to a parting of the ways of which one leads to 
firmer ground, the other to the waters. The elephants^ evolution, 
as we shall see, largely concerns the head ; the body, except for the 
increase in bulk and the mechanical readjustment of the limbs to 
bear the weight, exhibiting but little change with the flight of time. 
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The sea-cow (Fig. 195), on the other hand, is profoundly altered in 
its body contour, the hind limbs have disappeared, and in their 
stead there has been developed a propulsive tail. The head, how- 
ever, in contrast with that of the elephant, has remained prac- 
tically as it was. 



Fig. 195. — Manatee, Manatee australis. (After Brehm.) 


Elephant Anatomy 

Something of the anatomical structure of the elephant is neces- 
sary to an understanding of the evolutionary changes which its 
ancestors have undergone. In our discussion of this structure we 
will speak first of the primitive or archaic characteristics, then of 
the elephant's specializations. 

Archaic Characters 

The elephant contains within its huge body a number of primi- 
tive features, for the soft parts of an animal's anatomy, with the 
exception of the skeletal muscles, are less subject to mechanical 
stresses and are therefore rather more conservative in their rate 
of change than are the bones and teeth. To enumerate briefly: 
the stomach is simple in form, the liver has but two lobes without 
a gall-bladder, the lungs are simple and but slightly lobated, there 
are two superior ven^ae cava e (the ancient number) which carry 
blood to the heart, the placenta by which the unborn youngs are 
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nourished is primitive, and finally the brain, although huge in 
size, is old-fashioned in form in that the cerebrum or fore-brain 
does not cover the cerebellum, a notable contrast with that of man. 

Skeletal Structures. — The feet are five-toed, although there is a 
tendency toward the reduction of the lateral digits of the hind 
foot, especially in the African elephant.* The 
number of hoofs may be fewer than the actual 
digits, as the entire structure is encased within 
a huge cylindrical mass of flesh and skin so 
that no external sign of the digits other than 
their terminal nail-like hoofs is visible. 

The carpal or wrist bones are serial, that is, 
placed one above another in line with the 
metacarpals themselves. This is the type of 
wrist seen in the condylarth Phenacodus (Fig. 

170) as compared with a displaced or inter- 
locking carpus in which the bones alternate 
as do the stones in a well laid wall. 

On the part of all cursorial ungulates such 
as the horse or deer the ulna tends to reduce, 
especially in its lower two-thirds, the upper 
portion, which forms the elbow joint, being of 
necessity retained. In the Proboscidea, on the 
other hand, not only is the ulna retained entire, but it has become 
the dominant bone of the fore arm, the radius being much more 
slender and crossing over the ulna from the outer to the inner 
side. (See PL XXII.) 



Fig. 196. — Fore foot 
of elephant, Elephas 
maximus, viewed from 
in front, showing the 
serial carpals or wrist 
bones. (After Flower.) 


Specializations 

Size. — The grandeur of the elephant is a familiar thing in these 
days of zo5logical gardens and circus caravans, but rarely does 
one see a really huge specimen. The tallest living elephants be- 
long to the African species, as those of India are longer and lower. 
‘‘Jumbo” (PI. XXI), the huge African elephant purchased by 
P. T. Barnum from the London Zoo, had a height of 11 feet and a 
weight of 6^ tons! His weight but not his stature was exceeded 
by a huge Indian elephant in Barnum^s herd some years ago. 
Wild African elephants are said to attain a height of 13 feet, while 
the largest American proboscidean was the imperial elephant of 
the early Pleistocene, whose stature equalled if it did not surpass 
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that of the African form. The greatest height recorded so far is 
that announced in the English press for a straight-tusked ele- 
phant, Elephas antiquus, discovered near Chatham, England, in 
a Pleistocene river terrace in the grounds of the Royal School 
of Military Engineering at Upnor. This 15-foot creature, now 
mounted in the British Museum, exceeds in size the great skeleton 
of Elephas 7neridionaUs in the Paris Museum, which measures 
about 14 feet in height at the shoulder. 

Pillar-like Limbs. — While the bones of the limbs and feet are 
primitive in their numbers and arrangement, they are modified in 
one way in that they lack the angulation characteristic of ordinary 
ungulates and are perpendicular one above another. Thus in the 
horse t he thigh is permanently flexed at the knee so that its long 
diameter is always oblique, but that of the elephant is vertical. 
This produces an alteration in the shape of the bone itself, for in 
the horse it is an elongated S with the articular faces more or less 
parallel with the axis; in the elephant it is I-shaped, the articula- 
tions lying at right angles with the axis of the bone. As the stress is 
thus transmitted through the length of the bone, the latter may 
be flattened without serious detriment to its strength, which is 
impossible when the stress passes obliquely through the bone. 
We find this same type of limb again and again, as in the amblypod 
Dinoceras and the sauropod dinosaurs, and, while these creatures 
have not been observed in the flesh, the inference that their limbs 
were graviportal as an adjustment to weight-carrying is irresistible. 

Shortening of the Neck. — As a rule, long limbs like those of the 
elephants are accompanied by a corresponding lengthening of the 
neck, as in the horse or more notably the giraffe, to enable the 
owner to reach the ground. This arrangement serves well enough 
where the head is comparatively small and there is no proboscis, 
but in the elephant the huge head could hardly be borne on a long 
neck, and besides, the proboscis obviates the necessity for this. 

Proboscis. — The trunk of the elephant is in many ways its most 
distinctive feature and, indeed, gives the name to the order. It is 
the much elongated combined nose and upper lip, and the nostrils 
run the entire length, terminating at the tip, which is provided 
with one (Indian) or two (African) finger-like processes by which 
relatively minute objects may readily be picked up. The trunk 
is a great muscular mass with an enormous number of component 
muscles which by their coordinate movement shorten or lengthen 
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the organ as a whole or curl it about any larger object to be lifted. 
It abundantly compensates for the extremely short neck. 

Form of the Skull. — Next to the proboscis, one of the most re- 
markable elephantine features is the peculiar proportions assumed 
by the skull, which has not only increased in actual size, but in 
height is all out of proportion to its length as compared with that 
of other animals. This is simply a mechanical adaptation to give 
leverage for the great weight of the trunk and its occasional bur- 



dens. The skull may be looked upon as a lever of which the oc- 
cipital condyles form the fulcrum, the long axis the weight arm, and 
the occipital plane, at right angles to the long axis, the power arm. 
Shortening the long axis reduces the weight arm, while the height- 
ening of the skull, especially at the occiput, lengthens relatively 
and actually the power arm, thus increasing the leverage and at 
the same time giving greater surface for the attachment of the 
great elastic ligament (ligamentum nuchse) which runs backward 
to the vertebral spines and bears the weight of the head, and for 
the huge muscles of the neck. Thus not only is the power greatly 
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increased, but it is much more effectively applied through this 
^^bulldogging^’ of the skull, as it has been called. The alterations 
in shape thus described do not carry with them an increase in the 
size of the brain cavity, but the outer and inner ^ tables of the 
cranial bones have separated from each other and the intervening 
space has become filled with air-cells or sinuses separated by thin, 
apparently irregular, bony plates. To this cancellous bone with its 
air-cells the name diploe has been given. The sinuses are found in 
the skulls of other animals and of man where wide expansions of 
bone are developed, as in the skull of Coryphodon (page 512), 
but nowhere is the diploe developed to the extent found in the 
elephant. 

Dentition. — Another highly characteristic proboscidean feature 
is the dentition, remarkable in three ways: fewness of the teeth 
present at any one time, tooth succession, and the development 
of the individual tooth itself. 

An elephant (genus Elephas) never has normally more than one 
pair of tusks, which are the second upper incisor teeth, and one 
complete or two partial grinders in each half of each jaw, that is, 
6 complete or 10 partially worn and partly formed teeth at any one 
time. Of course the total number of teeth is greater, 28 as com- 
pared with the normal 44, but instead of having a milk set, suc- 
ceeded vertically by the permanent teeth, the teeth appear in 
numerical sequence. The upper milk tusks are succeeded by the 
permanent ones as in other mammals; the grinders, however, are 
formed one at a time in the rear part of the jaws and move down- 
ward and forward through the arc of a circle to replace those worn 
out by use. Owen tells us that the milk or deciduous tusk appears 
beyond the gum between the sixth and seventh month and rarely 
exceeds two inches in length and a third of an inch in diameter at 
its thickest part where it protrudes from the socket. The perma- 
nent tusk cuts the gum usually a month or two after the milk tusk 
is shed. The first molar tooth appears during the second week, is 
complete and in full use at three months, and is shed when the 
elephant is about two years old. The second molar has most of the 
plates (see page 464) in use at two years of age and is shed at six, 
the third appears at two, is at its maximum at five, and is shed at 
nine. These are looked upon as milk molars. The first true molar, 
which is the fourth grinder in succession, appears at the sixth 
year and is shed from twenty to twenty-five, the fifth shows its 
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crown at twenty and is shed probably at sixty, and the last molar 
appears at from forty to fifty years. 

The tusks are spirally curved, elongated cones composed, ex- 
cept for a small patch of enamel at their unworn tip, entirely of 
dentine or ivory of superlative fineness. \ They are formed from a 
large conical pulp at the bottom of the alveolus or socket and grow 
continuously throughout the animaFs life. Many other creatures, 
such as the rodents, have continually growing incisors, but with 
them the upper and lower teeth are antagonistic and are kept 
within limits by wear. With the elephant’s tusks this is not true 
and while their use, especially that of digging, entails some wear, 
there is nothing to limit their monstrous growth. The tusks of the 
Indian or Asiatic elephant are comparatively moderate in size, the 
largest cited by Owen in his Odontography having a length of 9 feet 
with a basal diameter of 8 inches and a weight of 1 50 pounds ; but, 
as he says, these dimensions are rare in the Asiatic species. The 
record for an African elephant, on 
the other hand, is that of a superb 
pair of tusks seen in New York, of 
which the right one was 10 feet | 
inches long by 23 inches in circumfer- 
ence and weighed 224 pounds, while 
the left was 10 feet 3^^ inches long by 
24^ inches around and weighed 239 
pounds, giving a total of 463 pounds 
for the pair! It is said that the crea- 
ture that bore these tusks was so old 
and the tusks so burdensome that 
he occasionally had to stop and rest 
their tips on the ground. The females 
of both species usually have smaller 
and straighter tusks than the males, 
although the tusks may be vestigial 
in the Asiatic females and in the 
males as well. In certain of the ex- 
tinct forms, notably the imperial elephant of southern United 
States and Mexico, the tusks are much larger, those of a specimen 
at Yale measuring more than 13 feet on the curve, while one in the 
City of Mexico is said to exceed 16 feet. 

The molar teeth (see Fig. 198) are highly complex structures 



Fig. 198. — Molar tooth of ele- 
phant, Elephas maximus. A, 
crown view; B, sectioned longi- 
tudinally. Black, enamel; ob- 
lique lines, dentine; dots, 
cement. (After Lull.) 
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made up of a number, up to twenty-seven or more, of transverse 
plates or lamellae, each of which is composed of a flattened mass of 
dentine surrounded by enamel. The plates are united by a third 
substance known as cement so that as the crown wears away it 
bears a number of transverse ridges, formed of the harder enamel, 
separated by depressions at the bottom of which lies the softer 
cement or dentine as the case may be. The first teeth are relatively 
simple, but the number of plates and consequent ridges, two to a 
plate, increases with the size of the teeth until in the last molar 
the maximum of twenty-four for the Asiatic and ten or eleven 
for the African elephant is reached, the latter being more primitive 
in its tooth structure. 

Brain. — As we have already seen, the brain is of an old-fashioned 
sort in that the fore-brain does not cover the hind-brain; on the 
other hand, its specializations lie in its great size\ which actually 
twice exceeds that of maijand is second only to the size of the 
brain of the great whales.xln addition to its volume the elephant 
brain is noted for its convolutions but this is in part an adaptation 
to size, for the bulk of an object increases with the cube of its 
diameter, while the surface enlarges with the square; the one 
therefore outruns the other, and if they are to bear a definite 
ratio to each other the surface must be increased by infolding^ 
Beddard speaks of the proboscidean brain as a great specialization 
of a low type. 

The intelligence of the elephant has been exaggerated by some 
writers and greatly minimized by others. i^Elephants possess a 
remarkable memory of injuries, real or fancied; of misfortunes; 
of friend and foe; and of the time and place of the ripening of fa- 
vorite fruits, as many a planter knows to his cost. They also learn 
to perform complex labors, such as the carrying and piling of logs 
in the teak yards of India without direction other than the initial 
order; they are obedient and docile, notably those of India, and 
this seems the more remarkable when it is remembered that they 
are not domestic animals in the sense of being the product of 
generations of selective breeding, but that practically every one is 
caught wild and subsequently tamed, so that these qualities of 
which we speak are inherent in the race. " 


^The brain of the fine male Indian elephant “Rya,” recently presented by 
Ringling's Circus to the Yale Museum, weighed lOf pounds, the animal standing 
8 feet 2 inches in height. This animal was tuskless. 
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But the docility, especially of the males, is subject to rude in- 
terruption by periods of nervous excitement, apparently of a sexual 
nature, known as ^'must,^^ during which they become very danger- 
ous and sometimes destroy the keepers in their paroxysms of rage. 
Ultimately all male elephants become surly and intractable; in 
the wild state such are known as rogues and live apart from their 
kind until they die. The great Asiatic elephant ^^Gunda’^ (see PI. 
XXIII, B) in the New York Zoological Park, when purchased in 
1904 was so docile that children rode upon his back. In 1908 he 
began to show signs of surliness and the following year made a 
murderous attack upon his keeper. In 1912 ^‘Gunda’^ was put in 
chains for another savage assault, and in 1913 another keeper had 
a narrow escape from death. Finally in 1915 the beast had become 
so dangerous and so unhappy that in spite of being in every other 
way a superb specimen he was condemned to be destroyed. His 
age at the time of his death was about twenty-four years. The 
famous Jumbo was sold from the London Zoological Gardens 
because he was no longer trustworthy from the same cause. He was 
not, however, a confirmed rogue, even when he died three and a 
half years later. Jumbo was also twenty-four years old at the 
time of his death. 

There is a certain parallelism between the nature of human 
mental development and that of the elephant. One of the most 
potent factors in the evolution of man’s mind is his ability to 
handle various objects and thus bring them before the eyes for 
examination. This is also true of the elephant, although to a 
less extent, and undoubtedly has aided materially in its mental 
development. 

Elephants have been accused of timidity and cowardice, though 
when brought to bay rage may simulate courage, making a 
charging tusker a most formidable foe.^ 

Senses. — In common with most forest and jungle dwellers with 
whom opportunity for extended vision is rare, ^phants are rel- 
atively dull of sight, though keen of scent and hearing^ in fact, 
marvellously so, for Schillings, the German explorer, tells us that 
they either have an acuteness of some known sense far beyond 
our comprehension or some other sense unknown to us. The latter, 
however, is hardly possible and since the sentinels of the herd 
stand with uplifted trunk testing the breeze, it is probably in the 
sense of smell that elephants are thus gifted. 
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Evidences for Evolution 


Ontogeny 

But little is known of the earlier stages of elephant ontogeny 
owing to the great scarcity of embryonic material. The smallest 

and most immature embryo of which 
a description has been thus far pub- 
lished was pictured in U Illustration 
for December 20, 1912 (see Fig. 199). 
In tliis picture the creature, whose 
length was but 17 centimeters (6|< 
inches), is seen astride an ordinary 




Fig. 199. — Embryonic ele- 
phant, Loxodonta africana^ rest- 
ing on a drinking glass. (Re- 
drawn from U Illustration,) 

drinking glass (tumbler), but 
even at this early stage is es- 
sentially elephantine, probos- 
cis and all. About the only 
thing noticeable in the pic- 
ture wherein the specimen 
departs from the normal ele- 
phant is the marked angula- 
tion of the limbs and the 
relatively greater length of 
the foot below the heel. The 

embryo, which is that of an 

African elcnhnnt from the Fig. 200.— Sections of skull of (A) young 

^rican eieptiant trom tne and(A')adult African elephant, 

Congo, is also long-jawed, africanay showing development of cellular 

although this is not evident structure or diploe with age. B, brain 

from the picture. 

Aside from the gradual increase in tooth complexity with age, 
perhaps the most notable ontogenetic change is the heightening 
of the skull with the development of the diploe, for the cranium 
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of a new-born elephant is like that of other mammals, a compara- 
tively thin-walled braimcas^^, the cavity of which increases but 
little in size with the growth of the skull as a whole, as the figure 
shows (Fig. 200). 

Phylogeny 

Size. — The phylogenetic changes, on the other hand, are amply 
recorded by the remarkably extensive series of fossil Proboscidea 
which hav 3 come to light. If Mceritherium (see page 572) is to be 
considered a proboscidean in the direct fine of descent, its estimated 
height of three feet may be taken as the one extreme in the series, 
that of Elephas antiquus of fourteen feet as the other, an increase 
of about five diameters or 125 times in bulk. 

Dentition. — ^The dental formula of Mceritherium may be ex- 
pressed thus: incisors, canines, premolars, 

molars, |E|=f^ = 36 teeth, a very slight reduction from the nor- 
mal 44. 

In Phiomia (see page 573) the formula is: i, c, 

р, in, = li = 28. In Mastodon americanus: deciduous 
teeth: i, c, qIqI m, 3^:3 == g = 10 • permanent teeth, i o(i)-o(i) > 

с, p, izi; m, ^ ^ = 18-20. Elephas: deciduous and per- 
manent: i, m, ^ 28. Thus it will be seen that there is 

a gradual diminution in the number of the teeth during the prog- 
ress of evolution; especially is this true with reference to the 
number present in the jaws at any one time. 

In the earliest proboscidean {Mceritherium) the molar teeth are 
small and short-crowned, with two simple transverse crests and 
small hinder lobes separated by open valleys. As time goes on the 
number of cross crests becomes greater, although in the mastodons 
there are never more than five or six. The mastodons have, more- 
over, little or no cement in the intervening valleys, although the 
latter may be more or less interrupted by additional cusps. In some 
species the worn crests are comparatively simple, in others there is 
a more or less complex ‘HrefoiT^ pattern of the enamel produced 
by wear. 

The transitional elephants of the genus Stegodon (see page 579) 
have more complicated teeth, the crests increasing in number up 
to ten and becoming narrower; there is also a tendency toward the 
Blling of the valleys with cement. In Elephas the deep-crowned 
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complex grinding teeth suitable for harsh herbage are perfected, 
reaching great intricacy in the woolly mammoth, Mammonteus 
'primigeniuSy in which the number of crests may be twenty-five or 
more up to thirty. In the African elephant, Loxodonta, the teeth 
are less complex in that not only are the crests fewer, ten or twelve, 
but each becomes lozenge-shaped upon wear rather than having 
the form of a greatly compressed ellipse with parallel sides. 

Tusks. — ^The earliest form, Moeritherium, has three incisor teeth 
above on each side, the second pair of which are larger than the 
others and point sharply downward; the second lower incisors are 
in the form of procumbent tusks almost horizontal in their posi- 
tion. Phiomia, the next stage, has a single pair of tusks above, 
with a broad enamel band, and a pair of spatulate ones below at 
the end of the elongating lower jaw. None of the tusks are con- 
tinuously growing as in later forms. From Phiomia on, the tusks 
are borne in both jaws and grow continuously throughout life, 
the upper pair, which are curved downward, possessing an enamel 
band on their outer face. These are the four-tuskers or ^^tetra- 
belodonts.^^ Subsequently most of the Proboscidea lose the lower 
tusks although vestiges, one or two, may be present in the male 
of the American mastodon. With the loss of the lower tusks the 
upper ones turn upward and finally lose their enamel, as in the 
form just mentioned and in the true elephants. 

Lower Jaw. — The lower jaw also undergoes a remarkable evolu- 
tionary change, elongating at the symphysis with the development 
of the lower tusks until in the Trilophodonts a maximum is reached. 
In other phyla, with the loss of these tusks, it shortens until only 
a spout-like vestige of the old elongation remains. In the aberrant 
form Dinotherium the lower tusks are retained, but the jaw bends 
downward sharply at the symphysis so that the short, pointed 
tusks lie at right angles to the jaw. The upper tusks are apparently 
lacking. Tusks seem to have had for their stimulating function 
that of digging — first a spade-like use of the spatulate lower tusks, 
the upper ones having possibly a pickaxe-like function for loosening 
the earth. Later when the upper ones assume the entire digging 
function, as we have seen, they turn upward instead of down. The 
African elephant to this day is a most industrious digger and one 
tusk, as a conisequence, is almost always the shorter of the two. 
The use to which Dinotherium put its lower tusks is conjectural; 
there is reason to believe, however, that it may have been partially 



Fig. 201. — Evolution of head and molar teeth of mastodons and elephants. 
A, A', Elephas, Pleistocene; B, Stegodon, Pliocene; C, C', Mastodon, Pleisto- 
cene; D, D', Trilophodon, Miocene; E, E', Phiomia, Oligocene; F, F', Maerithe- 
Hum, Eocene. (After Lull.) 
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aquatic and the simplicity of its teeth points to a very succulent 
sort of food, possibly of aquatic or swamp vegetation; if so, the 
tusks may have been used for detaching it. 

Proboscis. — The presence of a proboscis is always indicated by 
the shortening and backward retreat of the nasal bones, together 
with a strengthening of the adjoining bones for muscle attachment. 
There is therefore no reason to believe that Mcjeritheriimi bore a 
proboscis of any sort, although it may have possessed a prehensile 
upper lip; but even this cannot be proved. In Phiomia, on the 
other hand, the nasals have receded and the rear of the skull 
has begun to heighten, indicating that a proboscis had been de- 
veloped probably merely for the purpose of reaching beyond the 
lower tusks. Thus the development of the latter seems to have 
been the prime cause of the growth of the trunk, which developed 
pari passu with the elongating lower jaw. Although the jaw was 
long, however, the proboscis was distinctly limited in its movement, 
for while it could be raised and swayed from side to side it could 
not be bent downward unless to one side of the jaw. The shorten- 
ing of the jaw, or, as in Dinotherium, its downward curvature, left 
the proboscis as the wonderful pendent organ which the living ele- 
phant possesses. 

Ancestry 

Phylogeny. — As with the horses, the phylogeny of the Pro- 
boscidea is quite complex, and the final unravelling of it is not yet 
accomplished to the satisfaction of paleontologists. That set 
forth by C. W. Andrews in the Guide to Elephants in the British 
Museum (Natural History), while highly authoritative, is a simple 
story of successive stages, whereas the American paleontologist 
Osborn goes to the other extreme and recognizes many divergent 
and parallel races, no fewer than ^Hwenty-eight generic and sub- 
generic phyla . . . with other phyla doubtless remaining to be 
discovered. This extreme differentiation has not yet been gener- 
ally accepted. It is best, perhaps, to traverse a middle ground. 

I^By Oligocene time the Proboscidea had branched into four priu- 
ci^pal stocks, the (1) Moeritheres, (2) Dinotheres, (3) Mastodont^s, 
and (4) Elephants^ Of these the swamp-dwelling moeritheres were 
doomed to speedy extinction. The dinotheres, while longer-lived, 
were few, a curious aberrant side line which died out in the Pleis- 
tocene. The mastodons, vastly more numerous and widespread, 
are differentiated into the true mastodons, with relatively simple 
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teeth, which persisted until very late geologic time, and the buno- 
mastodons, whose teeth were rendered more complex by the 
addition of cones and trefoils between the crests. They include 
long, medium, and short jawed forms, the last having lost the 
lower tusks, and were in general browsers. The last group (El- 
ephantoidea) include the stegodonts or transitional browsing 
elephants and the true elephants which possess upper tusks only 
and very complex grazing teeth^ 

Early Tertiary Ancestors. — Oiir knowledge of the earlier 
stages is due largely to the work of C. W. Andrews, who had 

access to the vast amount of mate- 
rial in the British Museum of Nat- 
ural History as well as that collected 
by the Egyptian Government and 
now preserved in the Cairo Museum. 
/T^e Eocen^ and Oligocene stages, 
^ich are entirely African, are, first, 
Fig. 202.— Skull of ^ceriihe- genus M(£rithenm^ an 

rium lyonsi, Eocene, Africa ancient lake hear whfcTi the remains 
One-tenth natural size, found, and Srjpj beast) (Figs. 

( fter n rews.) ^ ^02. 203), which comes 

from rocks of late Eocene and Lower Oligocene age in what is 
known as the Fayfim district of the Libyan desert, some sixty 
miles southwest of Cairo, Egypt. 

The form is imperfectly known ex- 
cept for the skull, which is unlike 
that of anyfj:^ther proboscidean in 
that the face is short, the middle 
portion long, and there is no indi- 
cation of a proboscis. However, it 
does show the beginnings of pro- 
boscidean evolution, since the nasal 
openings are large and are begin- 
ning to recede, the air-cells are beginning to form in the back 
of the skull, the second pair of upper incisors are enlarging into 
tusks, the molars are transversely ridged, and the anterior part 
otlhe lower jaw is elongating and becoming spout-like. So much 
of the skeleton as is known indicates an animal about' three feet 
high. This creature was probably a^^amp-dweller, living upon 



Fig. 203. — Head of Maeritheriurrij 
restored. (After Osborn.) 


the succulent semi-aquatic herbage of the~time. It is unrecorded 
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outside of the Fa^^m, but seems to have existed into the Lower 
Oligocene so as to become a contemporary with the next genus. 

The succeeding genus in the evolutionary series is P hiomia (Figs. 
201E, E'; 204, 205) which was likewise discovereom the Lower 
Oligocene deposits 
near Lake Moeris 
in the Egyptian 
Faylim but has more 
recently been re- 
ported from the Gaj 
horizon of northern 
India in the Siwalik 
hills. It is an un- 
doubted proboscid- 
ean of larger size than 
its predecessor and — Skull of Phiomia, Oligocene, Africa 

with limbs much like One-twelfth natural size. (After An- 

those of modern 

types. The skull has increased materially in height, with a con- 
siderable development of diploe, and the small nasals with their 
openings have receded so that they lie just in front of the orbit 
much as in the modern tapirs. This would imply the development 
of a short extensile proboscis. The upper and lower canine and 

incisor teeth have en- 
tirely disappeared, with 
ihe exception of the 
second pair of incisors^ 
which have become well, 
developed tusks. Those 
of the upper jaw are 
large, downward curved, 
and have a band of 
enamel on their outer 
Pig. 205. — Head of Phiomia, restored. (From face. The lower jaw has 
model by Lull.) elongated considerably, 

especially at the symphysis, and the tusks point directly forward 
as in Moeritherium. The premolar teeth have two and the molars 
three transverse crests composed of distinct tubercles while the 
hindermost tooth is tending to develop yet another crest. The 
neck is fairly long, although the posterior cervical vertebrae tend 
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to shorten. The genus Palceomastodon is not well known/ certain 
species being removed to the new genus The former is 

looked upon as the di- 
rect ancestor of the 
true mastodons (i. e.y 
Mastodon americanus) 
from the simple char- 
acter of its teeth^ al- 
though the connecting 
series is lacking, prob- 
ably because of forest- 
dwelling habits which 
do not make for ease 
of fossilization or sub- 
sequent discovery. Phi- 
omiay on the other hand, 
although contempo- 
rary, has more complex 
molars and is believed 

Fig. 206. — Skull of Dinotherium giganteum^ be the forerunner of 
Lower Pliocene, Germany. One-fifteenth natural the shovel tuskers, 
size. (From British Museum Guide to Ele- ^jnotherium (Gr. 

phants.) deip6s, terrible) (Figs. 

206; 207), an extinc^robuscidean whose. 

in the^Miocei^ and Pliocene of Europe and India, differs re- 
markably from the contemporary mas- 
todons, mainly in its dentition, in that 
the molar teeth, which are more nu- 
merous than in proboscideans in gen- 
eral and have the normal vertical suc- 
cession, have but two transverse crests 
and a small hinder lobe. They are there- 
fore the simplest of proboscidean 
molars. The upper tusks appear to be 
lacking, and, as we have seen, the lower Fig. 207.— Head of Dino- 
jaw with its contained tusks bends (After W.K. Gregory, 

abruptly downward at the symphysis. Osborn.) ^ 

There is evidence for the presence of a well-developed trunk and 
the remainder of the skeleton is typically proboscidean. The oc- 

1 Andrews, 1902. 
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(jipital region of the skull slants sharply forward and contains no 
diploe, otherwise the skull and the body and limbs have much the 
proportions of the American mastodon, A gigantic skeleton from 
the Roumanian Pliocene, Dinotherium gigantissimurriy is very long- 
limbed and exceeds the largest mastodon in stature. This species 
could hardly have been either semi-aquatic or swamp-dwelling, 
since both of these habitats imply short legs like the hippopota- 
mus. We can, in fact, conjecture little of the origin or of the 
habits of the dinotheres, except that their food must have been 
of a very succulent sort. The line must have diverged from the 
main proboscidean stem very early, as even Phiomia is too far 
advanced to have given rise to it. It represents an aberrant side 
line of fairly long duration. 

Later Tertiary Mastodons. — There is considerable confusion as 
to the precise relationship of the various species of later Tertiary 
mastodons and their exact phylogeny is not yet clearly understood, 
so the classiScation here given is tentative and subject to future 
revision. 

It seems most natural to group together all of the four-tusked 
mastodons with the elongated lower jaw under the name Tetrabelo- 
don (Gr. rerpa-, four, jSeXos, dart, odovSy tooth), but a study of 
their molar teeth seems to show that at least two parallel evolu- 
tionary lines would be thus included, both of which from the 
trend of proboscidean evolution passed through a four-tusked 
stage. Classifying them in this way we recognize two principal 
genera, Trilophodon (Gr. rpt-, three, and X6<^)os, crest) and Tetralo- 
phodon (Gr. rerpa-y four, and \ 6 (j> 0 Sy crest) in_which the inter- 
mediate molars (milk molar 4, molars 1, 2) have three and four 
cross crests respectively. 

Trilophodon (Figs. 201, D, D'; 208) is the third stage in probos- 
cidearf evolution, if we omit Dinothermwiy and is well represented 
by the Miocene Trilophodon angustidens of which a splendid speci- 
men from Gers, France, is preserved in the museum of the Jardin 
des Plantes at Paris (see PI. XXII). It was an animal of con- 
siderable size, nearly as large as the Indian elephant, but differing 
from it in the enormously long lower jaw, which with its contained 
tusks had reached a mechanical limit of efficiency.^ The downward 
curved, enamel-banded upper tusks do not reach much beyond 
the limit of those of the lower jaw. The adult molars have at- 
tained such a size that but two can be contained in a jaw at any 
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one time. Correlated with the great length of the jaws is a marked 
increase in the diploe of the skull. Trilophodon was a great migrant, 



Fig. 208. — Restoration of Trilophodon, (From British Museum Guide to 

Elephants.) 


for not only do we find its remains in Europe and Africa but it was 
the first proboscidean to reach North America and must have 
come by way of Asia early in Miocene time. Thereafter the 
Proboscidea formed an 


important element in 
the fauna of North 
America until the ex- 
tinction of the Ameri- 
can mastodon in post- 
Glacial time. Trilopho- 
don (Serridentinus) 
productus^ is a well 
known Texas species 
from the Pliocene, 



Fig. 209. — Head of" Trilophodon lulli. The lower 
jaw, one of the longest recorded in any proboscid- 
ean, measured 6 feet 7 inches as restored. About 
34o natural size. (After Barbour, from Kunz.) 


while one American form, Trilophodon 209), from the 


Nebraska Pliocene, possesses a mandible at leasCjB feet 7 inches 


in lejigth, and the entire animal must have been ponderous. The 
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typ® specimen, that of a very old animal, has but one badly worn 
molar left in each jaw. These are the Longirostrines of Osbornes 
classification. 

In the genus Tetralophodon the jaws are not so elongated or so 
effective as digging organs, but this is compensated for by the 
greater complexity of the grinding teeth. Tetralophodonts are 
first known from the Miocene of Italy, but they reached India and 
finally North America, where they flourished and may have given 
rise to the peculiar South x\merican mastodons known as 
helodon, etc. (Osborn’s Notorostrines). 

In Dihelodon (Gr. St-, two, jSeXos, dart) (see Fig. 210) the molar 
teeth are similar and, because the intervening valleys are blocked 
by additional cusps, form, when worn, a rather intricate enamel 
pattern. It differs from the tetralophodont group, however, in 



Fig. 210. — Skull of Dihelodon andium^ Pleistocene, South America. 
(Modified from Burmeister.) 


the loss of its lower tusks and the consequent shortening of the 
jaw. The enamel band of the upper tusks also tends to disappear 
and in its final stage we have a form not unlike Mastodon itself 
except for the greater complication of its grinders. Dihelodon is 
found widespread in the Pliocene of North America and, as far 
as we know, was almost the only proboscidean to reach South 
America, where it spread, one species along the Andean highland, 
another in the lower country to the east. They persisted into the 
Pleistocene in the southern hemisphere, but in the north were 
replaced by the true mastodon. There are also other curious 
American types known as Rhynchorostrines (beak^awed) an^^^ 
Brevirostrines (short-jawed), which Qsborn considers separate 
phyla. 

The true mastodon. Mastodon (Gr. paardsy breast, and 65ous, 
tooth) (Figs. 201, C, C/; 211; 212), is the best known of American 
proboscideans. The molars lack the intervening cusps of Tetraloph- 
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odon, so that the tooth is simpler in its appearance. The lower jaw 
is shortened in common with that of all later proboscideans; but 
as we have seen, vestigial and apparently functionless tusks may 
be present in some lower jaws, presumably those of majeg^ The 
huge specimen, the so-called Warren mastodon, in the American 
Museum of Natural History, has one such tusk, while the Otisville 
specimen, a splendid young male mounted in the Yale Museum, 
has none, nor is there any trace of a socket. The mastodon attained 
a height about equal to that of the Indian elephant^Jrpu^ 
feet, but was much stockier and more robust in build, a feature 
especially noticeable in the breadth of the pelvis and the massive- 
ness of the limb bones. The skull also differs from that of the 
true elephants in its lower, more primitive contour, and although 



Fig. 211. — Skull of Mastodon americanuSf Pleistocene, North America. 

(After Lull.) 

there is a large development of air-cells in the cranial walls, the 
brain cavity is relatively larger. The upper tusks are comparable 
to those of the elephants in the absence of enamel. Their length 
may exceed 9 feet. There are but two fully formed molars in the 
jaws at any one time. 

Ine true mastodons wereJEIiffifift® and Pleistocene in _mngc^ 
outliving the elephants in Nortn America. In geographical dis- 
tribution they ranged from Europe across Asia to Alaska and 
thence southward throughout the United States. They seem to 
have been more exclusively forest-dwelling forms than the ele- 
phants which were their contemporaries. Their remains have 
been found chiefly as a result of drainage excavations in the swamps 
and boggy lands where they were doubtless mired and thus pre- 
served from decay. This is especially true in New York, Indiana, 
Ohio, Illinois, Michigan, and Iowa, where it is said that almost 
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every bog contains a mastodon. The food consisted of twigs of 
hemlock, spruce and other evergreen trees, possibly other her- 
baceous vegetation as well, and one specimen found in Ulster 
County, New York, had preserved with the bones a quantity of 
long, dense, shaggy hair of a dark golden brown color. 



Fig. 212. — Restoration of the American mastodon. (After Knight, from 

Osborn.) 

y 

True Elephants. — In order to trace the evolution of the true 
elephants one must go back to the Upper Miocene of southern In- 
dia, to the form known as Stegomastodon latidens. This creature 
gave rise to a species variously known as Mastodon elephdntoides^ 
(i. e. elephant-like) or Stegodon (Gr. oreyeu^, to cover) cUfti, for its 
transitional character is such that authorities differed as to whether 
it is a mastodon or an elephant. 

In Stegodon the molar teeth (see Fig. 201, B), have more numer- 
ous ridges than in the mastodons and the name is given because of 
tiie roof-like character of these ridges, the summits of which are 
subdivided into five or six small, rounded prominences. There js a 
thin layer of cement oyer the enamel in an unworn tooth, but no 
great accumulation of it in the valleys, in contrast with the ele- 
phants. These teeth show how slight the transition is, however; 
add merely a filling of cement to bind the crests together and the 
elephant tooth is formed. True Stegodon remains have been found 
only in southern and southeastern Asia, which suggests that that 
region may have been the original home of the true elephants. 

The elephants have been sufficiently defined in the anatomical 
section of this chapter. Aside from the living forms, ma^ 
species are found in the European Pliocene and Pleistogcncr'and 
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two in North America, while another, the woolly mammoth, 
Mammonteus primigeniuSy is common to both and to northern 
Asia as well. The European species were Elephas anUquuSy the 
straight-tusked elephant, and Elephas meridionaliSy the former 
being the more primitive and showing the closest affinity with 
the living African species Lgxodonta. Both these and E. primi- 
genius were contemporaries of early man in Europe during the 
Glacial period. The American species are, first, E. imperator 
(Fig. 213), the larger, so-called imperial or southern mammoth, as 
its remains are found in Mexico, whence it ranged into Texas, 



Fig. 213. — Restoration of the imperial elephant, Elephas imperatoVy Lower 
Pleistocene, North America. (Modified from Osborn.) 


California, and as far north as Nebraska. A single molar tooth 
described from French Guiana seems to pertain to this elephant; 
if so, it is the only other species of proboscidean, aside from the 
genus DihelodoUj recorded from the southern continent. The mo- 
lars of the imperial elephant are distinctive in that the crests are 
relatively few and the surrounding cement very thick. 

The second American species is Elephas jeffersoniy the Jefferson 
elephant, a successor of imperator y distinguished by its lesser stat- 
ure and more numerous crests to the teeth. Each of the American 
species seems to have been characterized by the extreme spiral 
form of the tusks which in old age actually crossed at the tip so 
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that their primal function of digging was utterly lost, nor were they 
efficient weapons of offense or defense. They have been cited as 
instances of evolutionary momentum, if such a thing exists, and 
certainly, so far as we can see, were detrimental to their owner 
rather than otherwise. E. jeffersoni is wide-spread throughout the 
United States up to the limits of the range of M. primigenius^ which 
replaced it in the north. The distinction between the two species, 
however, is not always clear and there may have been transitional 
forms. 

Mamm onteus primigenius is the hairy or woolly mammoth, 
the mammoth of popular knowledge. It was admirably adapted 



Fig. 214. — Restoration of the woolly mammoth, Mammonteus 'primigenius, 
Pleistocene, Eurasia and North America. (After Knight.) 

to withstand the cold of the Arctic climate. This adaptation lay 
in the development of a coat of coarse, long, black hair with a 
thick coat of brown wool beneath. It was circumpolar in its 
range, being found in great abundance along the shores of the 
Arctic Ocean but extending southward into Spain and Italy in 
Europe and as far as North Carolina and California in the New 
World. The famous frozen specimens of the Siberian tundras, 
that of the Lena delta found in 1799, and that of Beresovka in 
1901 now mounted in the Leningrad Museum, have been-de^crifeed 
in Chapter XXV. According to Matthew, the contents of the 
stomach show that these animals fed upon the same vegetation, 
grasses and sedges, birches, alders, poplars, etc., that prevails 
to-day in the far north. They must have been very numerous, 
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as their tusks constituted one-half of the commercial ivory annually 
available and represent thus far a herd of no fewer than 40,000 
individuals — not of course those living at any one time, but the 
accumulation of centuries. 

That the mammoth was a familiar animal to prehistoric man is 
attested by the numerous drawings of them made by the artists of 
the Upper Paleolithic age on the walls of caverns. The teeth 
of the mammoth reached a maximum degree of complexity , doubt- 
less an adaptation to the harsh vegetation of the north. Their 
tusks were of two sorts, one shorter and straighter, the other 
a long spiral rivalling the tusks of the Jefferson elephant. In size 
the mammoth, despite its name, was not great, as it rarely if ever 
exceeded the stature of the Indian elephant of to-day. 

Living Elephants. — There are but two well-defined species of 
elephants extant and these are reaching the natural limits of their „ 

rstciaUife. They are,, firsts the^Indiaja 
or Asiatic . elephant,- - . maxir^ 

mu s (PI. XXIII,B) which inhabits 
the forest regions of soutliweat 
and northwest India, Ceylon, Bur- 
ma, Assam, Siam, Cochin China, 
Sumatra, and Borneo. During the 
hot season they are confined to the 
denser parts of the forest, generally 
near water, while during the rainy 
season they range into the open, feed- 
ing on the tender grasses. 

The Indian elephant differs from 
the mammoths in the possession of 
five hind toes to four ij. the latter 
and in never having the huge spiral 
tusks; indeed, as we have seen, their 
tusks seem to be disappearing, even 
in the males. Their ancestry is un- 
known, as they could not have been derived from any discovered 
mammoth. The grinding teeth, however, are very similar to those 
of Elephas jeffersoni. 

The African elephant, Loxodonta (Gr. \o^(5s, slanting) africana 
(PI. XXIII, A) is distinguished by its greater size, enormous ears, 
lower forehead, and larger tusks, also by the character of its grind- 



Fig. 215. — Molar tooth pat- 
terns of (A) African elephant, 
Loxodonta africana, and (B) 
Asiatic elephant, Elephas maxi- 
mus. (From British Museum 
Guide to Elephants.) 
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ing teeth (see Fig. 215). It is confined to the wooded districts 
oFXifrica south of the Sahara and north of the Cunene and Zambesi 
rivers, but in many districts it is becoming extremely scarce, 
largely owing to the persecution of the ivory hunters, for its ivory 
is of a finer quality as well as being more abundant than that of 
the Indian species. It is probable that in the course of a few years 
not a single old individual will be left alive, and unless they are 
protected by law they are doomed to a speedy extinction. The 
African elephant is rarely tamed, although it may be fully as 
tractable as its relative. A number of subspecies of African ele- 
phants have been described, most of which are geographical 
races differing mainly in the form and proportions of their ears. 
(See also Jumbo,^^ PI. XXL) 
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CHAPTER XXXVI 


HORSES 

The evolution of the horse has for humanity a very deep interest 
because of the debt of gratitude which man owes to this humble 
servitor and comrade and because of the fact that, largely through 
the unwearying efforts of Professor Marsh of Yale University, a 
collection of fossil horses was there assembled which was to prove 
one of the first documentary records of the evolution of a race. 

The American Museum of Natural History under Osborn’s 
direction has since assembled an immense amount of material 
which gives a very clear view of the evolution of the group; it 
proves, however, to be not the simple sequence of genera of the 
earlier authorities but includes a number of diverging lines or 
phyla, the interrelationships of which are not yet fully understood. 
Loomis of Amherst College has also secured an interesting series 
of forms, including several complete skeletons, and more have been 
added to the Yale collection since Marsh’s time. 

Equine Adaptations 

The adaptations undergone by the horse are in their last analy- 
sis reducible to two things, the perfection of the mechanism 
for food-getting and of that for speed, which constitutes the prin- 
cipal means of defense; and the influence upon the creature of 
these two groups of modifications is so great that the entire body 
shows specialization and we cannot, as in the elephants or in the 
human body, point to a number of primitive characteristics with 
a veneer of specialization along certain narrow lines. Hence we 
may dismiss the consideration of archaic features in the horse and 
pass at once to its specializations. 

. Body Contour. — Many of the equine adaptations have been 
referred to in Chapter XIX; it is only necessary to summarize 
them with exclusive reference to the horse. In order to reduce 
air resistance the body, neck, and head are smoothly rounded, with 
no needless excrescences and with perfect symmetry of form, so 
that a running horse with head extended and ears l^d back con- 
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forms to the ^‘numericaP^ or stream-lines almost as perfectly as 
does a bird or even a fish. This same S3mmetry is seen in the 
limbs, long and slender distally, and with the powerful muscles 
bunched at shoulder and thigh where they blend more or less with 
the contour of the body, the force being transmitted to the feet 
by long slender tendons. This concentration of the weight high 
on the legs, as we have seen, quickens their rate of movement 
without diminishing the length of stride. 

Limbs and Feet. — The limbs themselves have departed widely 
from the ancient plantigrade gait of their primal ancestry and are 
unguligrade in that only the tip of the single toe, encased in its 
modified nail, is in contact with the ground ; the wrist, the so-called 
fore knee, and the ankle, or hock, being raised high above the 
medium of support. Thus the lengthening of the distal limb seg- 
ments is obtained not only by the actual elongation of the bones 
themselves but also by their posture. The reduction of digits is 
extreme, the horse being one of the few mammals wliich ever 
attained monodactyly, although the equivalent reduction in the 
artiodactyl or even-toed foot to the irreducible minimum of two 
has been reached several times. 

This diminution of digits carries with it a corresponding reduc- 
tion of the second bone of the lower segment of each limb, that is, 
the ulna of the fore arm and the fibula of the lower leg. In the 
former case, especially, this means a restriction of motion, for 
it is only by the combined action of both radius and ulna that the 
rotary movement of the hand upon the arm is effected. Only the 
proximal third of the ulna, which forms the great portion of the 
elbow joint, is retained. All of the limb joints with the exception 
of the hip and shoulder are of the tongue and groove variety, their 
motion being thereby limited to the fore-and-aft plane. Within 
the limits thus imposed, however, the range of movement is very 
great. The shoulder girdle is^reduced, as in all cursorial types, in 
that the clavicle or collar-bone has disappeared and there is no 
bony connection left between the shoulder blade and the remainder 
of the skeleton. This also permits great freedom of motion in the 
limited plane. 

Lengthening of limbs^ implies a coordinate elongation of the 
neck and skull in contrast with the lack of such modification in 
the elephant. In gene*^ there is in a cursorial form a recognizable 
speed index, as indicated by the ratio of length to diameter in 
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the limb bones; and not only does this ratio hold for each of the 
several bones concerned in locomotion, but it may also be seen in 
the skull, vertebrse, ribs, and other skeletal elements as well. The 
hoof which terminates the single remaining digit is a marvel of 
perfection; strong, of the right rate of growth to offset a normal 
wear, and with the shock-absorbing cushion or frog to guard the 
system from the great concussion produced by the impact of the 
foot with the ground at high speed. The perfection of the foot 
and limb to withstand such a shock is illustrated by the jumper 
^‘Heatherbloom,^’ a horse which held a record of 8 feet 2 inches, in 
which the entire weight of the animal, coming from such a height, 
was repeatedly received on what is equivalent to the middle 
finger of the two hands. That the limit of such evolution has 
practically been reached, however, is evident from the fact that 
many a fine horse has been destroyed merely because a rutted road 
caused the fracture of a single bone strained beyond endurance. 
Bone is a wonderfully eflBcient material and it is utilized in what 
is mechanically the very best possible way to produce results, but 
with a very close margin of safety. It is this last fact that makes 
further speed adaptation for so large an animal virtually impossible. 

Skull. — The skull is characterized by a large and well-developed 
brain-case, orbits completely surrounded by bone, and an elon- 
gated face, the purpose of which is twofold, first the raising of the 
eyes as far above the ground as possible while grazing in order to 
increase the range of vision, so essential for safety^s sake, and 
second to allow room for the development of the deep-crowned 
grinding teeth. ^The elongation of the jaws separates without re- 
duction in their numbers those teeth which are concerned with 
the prehension of food — the incisors — from those whose function 
is that of mastication — the premolars and molars. Incidentally 
the gap or diastema thus produced forms a convenient place for 
the bit and thus aids in the subjugation of the creature by man, 
but this was hardly nature^s purpose. 

Teeth. — There is a tendency toward tooth reduction for the first 
■premolar, the so-called ‘‘wolf tooth, which is small and simple, 
is rarely present and soon shed. Then, too, the tusks or canines are 
rarely developed in the female, the upper ones never, although 
the normal male always possesses both. Sex characters are so 
rarely distinguishable among fossil forms that the lower jaw of a 
Miocene horse (Merychippus) in the Yale collection, in which 
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there is absolutely no trace of canines, was 
at once hailed by its discoverer as that of 


a mare. 


The incisors or cropping teeth are long- 
crowned and are, with the single exception 
of Macrauchenia, a peculiar ungulate of 
the South American Pleistocene, unique in 
possessing a pitlike depression or ‘^mark^^ 
in the grinding face. This mark, which is 
worn away with use, is one of the best 
criteria of its possessor's age. 

The three molars and three preceding 
premolars of each jaw have become deep- 
crowned (hypsodont) grinding teeth, hav- 
ing the form of slightly curved prisms 
strengthened by three buttresses on their 
outer, convex face. The teeth are com- 
posed of the three materials which char- 
acterize the elephant^s tooth — dentine, 
enamel, and cement — elaborately inter- 
woven when seen in cross-section. As these 


□ 

^ den’tvrt'C 
fP cement 

'nOrt'U'ra^l cavity 


substances differ markedly in hardness, 
differential wear produces a characteristic 
/‘pattern^’ of the more resistant enamel 
upon the wearing surface. For a while the 
Fig 217.— Wearing sur- continue to grow, extending deeper 

face of upper grinding teeth and deeper into the jaw and at the same 
of horse, Equm caballus. time moving slowly outward to compensate 

molar of colt about six ^car. Finally, at about five to eight 
months old: e, exposed years of age, the dimensional limit of the 
enamel ridges; z, natural jaw is practically reached, which of course 

worn surface of milk molar further growth of the tooth impos- 

of colt three months before sible. Then the roots are formed and the 

birth; d, cul-de-sac to be tooth is completed. The outward move- 
filled later with cement; ,i n 

e, enamel. C, premolar of however, still continues, cancellous 

horse eight or nine years bony tissue filling the gradually vacated 
old. Natural size. (After socket until the tooth is SO nearly con- 
Chubb.) sumed as to be of no further service, when 

it is shed. The rate of growth and the outward movement are 
in absolute accord with the normal rate of wear, and the entire 
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tooth length is such as to last throughout the potential lifetime 
of the animal, about 34 years. With its final consumption mah 
nutrition results, which, coupled with other evidences of senility, 
summons the horse to its final rest (see Figs. 216 and 217). 

Size. — Another equine characteristic is size, for aside from the 
elephants, rhinoceroses, and hippopotamuses, the horse compares 
favorably with any terrestrial animal, being equalled only by the 
larger bovines, the cattle, buffalo, and bison. This is of course 
especially true of certain domestic strains such as the Percheron 
horses, some of which reach a shoulder height of 19 hands or 76 
inches and a weight of over 2,400 pounds. On the other hand, 
the Shetland ponies are reduced in size, largely due to the harsh, 
restricted conditions of their island home, but aided by selective 
breeding. The following comparative measurements are given 
by Chubb for two animals the skeletons of which he has most 
admirably mounted in the American Museum of Natural History: 

Giant Draft Horse Shetland Pony 

Height at shoulders 6 ft. 1 in. (18i hands) 2 ft. 9| in. (8J hands) 

Weight in life 2370 lbs. 170 lbs. 

Bulk of humerus 118f cu. in. 9^ cu. in. 

Bulk of femur 188 cu. in. 13J cu. in. 

Brain and Mentality. — The brain is not only of considerable 
size but is of a relatively high type compared with those of other 
mammals, and is richly convoluted. The intelligence of the horse 
is great but not equal to that of the elephant. As compared with 
the cattle, on the other hand, the horse is much more intelligent 
and is able to keep out of trouble and care for itself under trying 
conditions which may prove fatal to the former. The docility of 
the horse and its ability to learn not only from its master but also 
from experience are notable. On the other hand, it is emotional 
and its psychology is largely linked up with its normal mode of 
defense — flight — for the first impulse of a domestic horse upon 
seeing any incomprehensible thing is to run away, sometimes to 
its own and its owner’s destruction. In the wild state this same 
impulse in an unarmed animal is of the greatest possible value as 
a means of survival. 

Senses. — All three of the major senses, sight, hearing, and smell, 
are well developed; of the three, hearing is perhaps of the least 
importance to a plains-d welling creature, just as sight is to one 
which is forest bred. 
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Evolutionary Summary. — Briefly stated, the evolutionary changes 
which the anatomy of the horse would lead us to predict are: 

Increase in size. 

Lengthening of the limbs. 

Reduction of ulna and fibula, with a consequent limitation of 
the range of movement. 

Change of foot posture from se^i-plantigrade to unguligrade. 

Reduction and loss of digits from five to one. 

Perfection of the hoof. 

Perfection of the dental battery in elongation and complexity 
of teeth. 

Premolars becoming successively molariform. 

That these changes are all recorded in the paleontological record 
is conclusive proof of equine evolution. 

Paleontology of the Horse 

Place of Origin. — We have spoken of the simultaneous appear- 
ance of the modernized mammals in the Old and New Worlds, and 
the consequent belief in their origin in some contiguous land-mass 
which has been called boreal Holarctica. What is true of the 
modernized mammals in general is true of the horses in particular, 
although as yet it is incapable of actual demonstration. The Lon- 
don Clay, however, an Eocene formation of Europe, has produced 
Hyracotheriujny the Old Workbs most ancient known equine, while 
in the Wasatch rocks of western North America, of nearly equiva- 
lent age, the earliest American genus, Eohipp^is, has been found. 
These two genera are very much alike, but the premolar teeth of 
HyracotheriurUj especially the second one of the upper jaw, are more 
simple than in Eohippus, thus stamping the Old World type as the 
most primitive horse-like form known. 

Horses are found from time to time in Europe and Asia as one 
ascends the geologic column, but the sequence does not seem to be 
continuous as it is in North America. Hence the inference that 
•North America was the real theater of equine evolution, while 
the Old World horses were merely the relics of genera which 
migrated thence from time to time as barriers to dispersal were 
temporarily removed. The earlier of these migrations, while in- 
teresting, are unimportant from the standpoint of the evolutionary 
continuity; had it not been, however, for the final Pliocene migra- 
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Fig. 218. — Restoration of 
four-toed horse, Eohippus^ 
Lower Eocene, North Amer- 
ica. (After Lull.) 


B 


tion of the horses to the Asiatic and African continents within 
whose fastnesses they found asylum, their inexplicable extinction in 
the New World during the Pleistocene would have closed the book 

of their progress forever, and we would see 
them only as our paleontologic vision is 
able to pierce the gloomy curtain of the 
geologic past. 

Eocene. — Several generic names have 
been applied to the Eocene horses, of 
which EohippuSy the dawn horse, and 
OrohippuSy the mountain horse, are the 
best known American forms. The first 
comes from the Lower Eocene (Wasatch) 
formation, and the latter succeeds it in the Middle Eocene 
Bridger beds. Both are from Wyoming and New Mexico. 

(rhe Eocene was a time of warm, moist climate, during which 
North America was clothed with a 
luxuriant vegetation, forests in which 
grew both evergreen and deciduous 
trees of a distinctly modern character, 
and, beside the numerous streams and 
lakes, sedgy meadows which in turn 
gave rise to grassy plains^\ Such was 
the environment of the first known 
horses which were already somewhat 
advanced toward their evolutionary 
goal. 

EohippuSy the four-toed horse (Figs. 

218-220), represents the first recorded 
stage in equine evolution.) It was a 
small but graceful creature, averaging 
about 12 inches or 3 hands in height 
at the withers, the several species rang- 
ing in size from that of a cat to a fox Fjq. 219.— Hand (A) and 
terrier, with arched back, short head foot (B) of Eohippus. One-half 
and neck, limbs of moderate length, and (After Marsh, 

showing in the digitigrade character of 

the feet the beginnings of cursorial adaptation. In fact, the general 
proportions are much those of a dog such as the fox terrier or the 
whippet. (The hand bore four complete toes, each terminating in 
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hoof-like nail, with no trace of the first digit or pollex, while the 
foot had but three, although vestigial remnants of the first and 
fifth are also seen^ The advance of evolutionary progress shown 
by the foot over the hand is in- 
teresting, for it shows the foot to 
have been the main propelling 
organ and therefore the first to 
feel the influence of cursorial 
adaptation, and it also shows the 
reluctant relinquishment of gen- 
eral utility for mere propulsion on 
the part of the hand. Both ulna and fibula, while slender, are 
separate and complete. (The modern tapir has feet in much the 
same stage of evolution as were those of Eohippus, The dentition 
is also advancing in that the molars already begin to foreshadow 
their future complication. The originally separate cusps are fusing 
into cross crests, and the fourth premolars are tending to become 
molariform. I 

In OrohippuSj the second stage (Fig. 221), a further advance is 
indicated by the loss of the splint of the fifth digit of the foot, the 
slight increase of size of the middle and the shortening of the outer 
finger of the hand, and the further perfection of the molar-like 
character of the third and fourth premolars. EpihippuSy from the 
Upper Eocene Uinta formation, goes yet further in that the third 

and fourth premolars are completely 
molariform. The digits of the hand 
are still four, the outermost has 
diminished yet more but is still 
functional ; the digits of the foot are 
three, but the middle digit of each 
begins to be the dominant one. 
There is on the part of the Eocene 
horses a gradual increase in size, the 
type skeleton of Orohippus mounted 
at Yale measuring 13^ inches in 
height 'jEpihippuSj the third stage, 
was still larger, but the complete skeleton is as yet unknown. 
Epihippus may not be the direct ancestor of the known Oligocene 
horses to be describee^ 

The known range oi Eocene horses from Europe to New Mexico 



Fig. 221. — Restoration of four- 
toed horse, Orohippus, Middle 
Eocene, Wyoming. (After Lull.) 



Fig. 220. — Upper teeth of Eohip- 
pus. Short-crowned, no cement, pre- 
molars simpler and smaller than mo- 
lars. Natural size. (After Matthew.) 
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speaks for their migratory powers, always a characteristic of the 
equine hordes. 

Oligocene. — The Oligocene was a time of increased aridity due 
in large part to continental uplift, and while much the same con- 
ditions prevailed as in the 
Eocene, there was a conse- 
quent dwindling of streams 
and lakes which gave im- 
petus to the development 
of broad meadow lands and 
of true prairie as well. Thus 
there were three conditions 
— woodland, meadows, and 
dry prairie — which seem to 
have given rise to several 

Fig. 222.— Restoration of three-toed horse, divergent lines of equine 
Mesons Middle Oligoce^^^ 

ica. (After Lull.) . , , . 

terminated, being overcome 



in the struggle for existence, while others 
flourished and gave rise to the horses of 
the Miocene. 

But^ two genera of Oligocene horses are 
recognized, Mesohippus and Miohippus^ 
the fourth and fifth stages, the former 
one Lower and Middle Oligocene, the 
latter confined to the Upper Oligocene. 
Mesohippus (Figs. 222-224), which had 
attained the size of a prairie wolf, had 
three functional digits in both hand and 
foot, although a very short splint bone 
represented the fifth digit in the former. 
The middle toe in each instance was 
much the largest and the lateral ones in 




consequence bore less of the creature’s Fiq. 223.— Hand (A) and 
^weight. The shafts of both ulna and fibula foot (B) of Mesohippus. 


are still complete but are thin and slender./ one-fourth natural 

Mesohippus hairdi, the best known form, (After Marsh.) 


averaged about 18 inches or hands in height and was a slender- 


limbed creature, very well adapted for speed. Mesohippus in- 


termedius was larger, fully the size of a collie, averaging 24 inches 
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or 6 hands in height, and was in some ways unprogressive, which, 
together with the conditions under which it is found, may be 



Fig. 224. — Upper teeth of Mesohippus. Short-crowned, no cement, second, 
third, and fourth premolars like molars. Natural size. (After Matthew.) 


taken as indicative of a conservative forest-dwelling form in con- 
trast with the progressive plains-living type. In all Oligocene horses 
the premolar teeth, with the exception of the small, simple, first 


premolar, are fully molariform. 
MiohippuSj of the Upper Oligo- 
cene, is hard to distinguish from 
MesohippuSj except that the spe- 
cies average larger in size. 

Miocene. — The Miocene was a 
time of great continental eleva- 
tion and witnessed a wide expan- 
sion of our western prairies and 
a further diminution of the forest- 
clad areas. As a consequence, 
many browsing animals, well fitted 
for survival under former condi- 
tions, could not endure the change 
and perished, but the grazing 
types, horses, camels, deer, and 
antelope, adapting themselves to 
the new conditions, throve and 
spread amazingly and became the 
dominant forms of mammalian 
life. 

^he Miocene horses were sev- 
eral, representing at least three 
lines of adaptation, two of which, 
Merychippus and Hipparion, were 
to survive, while another. Hypo- 
hippuSj was doomed to racial ex- 
tinction. 



Fig. 225. — Hand (A) and foot (B) 
of browsing horse, Hypohippus equi- 
nus. MJocene, North America. One- 
fourth natural size. (After Lull.) 
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The Lower Miocene horse, Parahippus, represents the sixth 
stage, the older species being very much like Miohippus^ while 
the later ones are almost indistinguishable from Merychippus. 
It is therefore fully transitional. In Parahippus for the first time 
the valleys between the crests of the teeth begin to fill up with 
cement formed as a deposit of ‘ Tartar on the emerging portion of 
the crown. The amount of cement becomes progressively greater 
with the successive species. The lateral toes vary greatly; in some 
they are nearly as well developed as in MiohippuSy in others much 
reduced.] 

Hyponippus (Fig. 225), known as the browsing horse, had broad, 
low-crowned teeth fitted only for browsing on succulent herbage. 

The feet were three-toed, which was 
equally true of all Miocene horses, but 
were distinctive in their broad spread- 
ing character, with well developed lat- 
eral hoofs as though adapted, like the 
living caribou, to a soft yielding ground 
rather than hard prairie soil. In the 
hand, vestiges of the first and fifth' digits 
may yet be seen as small nodules of bone 
at the back of the wrists Thus in spite 
of its having attained the size of a pony, 

lar teeth of Merychippus, ^0 mches or SO in height, the creature 
Upper Miocene, North was otherwise persistently primitive and 

America. A, imcemented j^ot long continue to exist. A huge 
milk teeth: B, cemented per- - rr 7 • ^^7*1x11 

manent teeth. (After Lull.) ^orm, Hypohippus matthem, lately de- 

scribed from the Nebraska Pliocene, 
greatly exceeded the more typical Hypohippus equinus in size. 
/Merychippus y the seventh stage in the direct line (Figs. 226, 
227), appears in the Middle Miocene and is of especial interest in 
that it marks the transition from the horse-like forms with short- 
crowned, uncemented teeth (hyracotheres) to the true horses 
whose long-crowned, fully cemented grinders are suited to the 
harsh vegetation of the plains. In Merychippus the milk teeth 
are short-crowned and have little or no cement and are thus remi- 
niscent of its ancestry, while the permanent teeth are intermediate 
in length of crown and quite heavily cemented and are thus pro- 
phetic of the future. This is one of the most remarkable instances of 
the ontogenetic evidence of evolution seen among the horses. 
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Merychippus is three-toed, in some instances with vestiges of 
the outermost digits of the hand. The lateral toes vary somewhat 
in the different species, though never reaching the ground, so that 
while structurally three-toed, the feet are functionally one-toed. 
The slender shaft of the ulna, which is free in the colt, is always 
fused with the back of the radius in the adult. The skull of this 
genus is the first in which the hinder border of the orbit is com- 
pleted by sending downward a bony bar to join the zygomatic arch. 



Fig. 227. — Restoration of the Miocene prairie horse, Merychippus. 

(After Lull.) 

Protohippus and Pliohippus (Figs. 228, 229) of the Upper Mio- 
cene and Pliocene are two closely related genera, in fact the 
distinction between them is not always clear. It may suffice to 
say that Protohippus represents a form derived from Merychippus 
but differing in that the milk as well as the permanent teeth are 
moderately long-crowned and cemented, and in that the hau i 
and foot still bear three toes; while in Pliohippus, the eighth stage, 
we have the first one-toed horse, although in some species the 
lateral toes seem to have persisted. Pliohippus is also character- 
ized by having a peculiar pit or depression in front of the orbit 
which may have lodged a scent gland like the larmier of deer and 
possibly of similar function. The depressions also vary greatly in 
degree of development, so that they do not seem to have had an 
essential function. Pliohippus had a shoulder height of some 40 
inches or 10 hands. 
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Yet another Miocene horse was Hipparion (Figs. 230, 231), 
closely related to the two preceding genera, from the former of 
which it is sometimes difficult to distinguish it. The following 
diagnostic characteristics are based upon a skeleton of Hipparion 
whitneyi from South Dakota, preserved in 
the American Museum. ^^This species, ex- 
cept for the very large head, had the 
graceful and slender proportions of the 
antelopes, but in Protohippus and espe- 
cially in Pliohippus the skeleton ap- 
proached more nearly the stockier propor- 
tions of the modern horses. The Hipparion 
whitneyi is regarded by Professor Osborn 
as fitted to live in a semi-desert country, 
and in contrast to the Hijpohippus, is 
called the Hhree-toed desert horse (Mat- 
thew). The argument for this belief is seen 
in the highly perfected teeth, the pattern 
of whose enamel is in some instances more 
complexly infolded than in any other 
horse, doubtless an adaptation to the 
harshest of herbage. The splendid fleet- 
ness which the skeleton implies is corrob- 
orative evidence. 

Hipparion is another world migrant, as 
its remains are found not only in Colorado, 
Nebraska, and South Dakota in great 
abundance, but even in far-off Greece 
where in I^ower Pliocene rocks of Pikermi 
near Athens they are entombed. Hip- 
parion whitneyi reached a height of 40 
inches or 10 hands, while Hipparion gracilis 
of Pikermi stood 44 inches at the shoulder. 
Pliocene. — Pliocene time was one of great unrest; conditions 
were becoming more and more severe, prophetic of the Glacial 
period, new land-bridges arose where none had existed for ages, 
and we find great consequent faunal interchanges recorded. It is 
not remarkable therefore that Hipparion reached the Old World 
just as the true elephants niade their first appearance in the 
New. 



Fig. 228. — Hand (A) 
and foot (B) of the first 
one-toed horse, Pliohipp'iis 
pernix, Pliocene, Nebraska. 
One-fourth natural size. 
(After Lull.) 
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PledppuSy the ninth stage, was formerly known from very 
iragmentary material, but in 1924 Messrs. Matthew and Simpson 
found two skeletons at Mount Blanco, Texas, that present almost 
every detail. The size and general proportions are about those 
of the Arab horse but the feet are much smaller. The teeth are an 
advance over those of PUohippus in having a longer, less curved 
crown, as in Equus, otherwise they are more PUohippusAike. 
There is no trace of the lateral toes, while the skull is Equus-like, 
having almost entirely lost the facial pits. 



Another notable Pliocene event was the appearance for the first 
time in geological history of true horses in South America, whither 
they went in company with the dibelodont mastodons. The South 
American Pliocene horse was Hippidion (Fig. 232), evidently a 
derivative of Protohippus but differing in having short, stout rather 
than slender, one-toed feet. The teeth are like those of PUohippus, 
but the skull differs remarkably in the extremely long, slender 
nasal bones which, together with the great size of the head, must 
have given the creature a very peculiar cast of countenance. 
Hippidion, which had attained a stature of 12^ hands, lingered 
into the Pleistocene, where it became Onohippidium, a creature 
but recently extinct if one may judge from the fresh-looking horny 
hoofs preserved in certain Patagonian caves. 
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The modern horse, Equus, the tenth and final stage, first appears 
in the Upper Pliocene beds of Eurasia and North America and 
represents the culmination of the race. The feet are one-toed, but 



Fig. 230. — Hand (A) and foot 
(B) of three-toed desert horse, 
Hipparion, Pliocene, North Amer- 
ica and the Old World. One- 
fourth natural size. (After Lull.) 


with well-developed splints of the 
second and fourth digits still remain- 
ing. In some individuals these are 
fused with the cannon-bone; in 
others they are free. The teeth are 
long columnar structures of intricate 
enamel pattern, admirably adapted 
to their owner^s needs, and the ani- 
mal has attained the maximum stat- 
ure consistent with fleetness,' 
Pleistocene. — A number of extinct 
species of Equus are recorded, prin- 
cipally from the Pleistocene of both 
North and South America and the 
Old World. Of these the best known 
is Scott^s horse, Equus scotti (Fig. 
233), from the staked plains (Llano 
Estacado) of Texa^ This species, of 
which a number of perfect specimens 
have been found. Was discovered at 
Rock Creek, Texas, in 1899 by an 
expedition from the 
American Museum of 
Natural History. 

Thirteen years later a 
party from Yale re- 
opened the quarry _ 

and secured several Upper ’tooth of 
more specimens, one Hipparion. pr^ 

of which (PL XXIV) protocone. 

, . (After Lull.) 

IS now mounted in 



the Yale Museum. It is of an animal about 15 hands in height, 
having somewhat the proportions of a western broncho, but 
with a very large head and with teeth greater than those of 


a modern dray horse, although very similar in pattern. Horses 


of this or related species, some smaller, others larger, are ex- 


traordinarily abundant wherever the earlier Pleistocene deposits 
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are found in North America, and they evidently survived the. first 
glacial advance, but shortly afterward, why we cannot tell, they 



Fig. 232. — Restoration of the one-toed Pampas horse, Hippidion, Pleisto- 
cene, Argentina. (Redrawn from Scott.) 

became extinct not only in North but in South America as well. 
This apparently was also true of Europe but in Asia and Africa 
the race found sanctuary, otherwise the horse would be included 



with the mastodons, ground-sloths, saber-tooth cats, and a host 
of other splendid creatures among the totally extinct. Glacial 
conditions alone seem inadequate to account for this great tragedy, 
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for not only did the hand of death bear heavily upon the equine 
herds within the limits of the ice belt, but far beyond, to the 
uttermost confines of the western hemisphere. That no permanent 
change of environment occurred to render the earth unsuitable 
for these creatures is evident from the amazing way in which the 
few imported horses liberated by the Spanish Conquistadores 
multiplied and spread, giving rise to the great herds of wild 
mustangs in both North and South America. We look naturally 
therefore for some other cause of extinction and the one of all 
theories that seems most plausible is the bringing in by migrating 
animals of insect-transmitted disease, such as the sleeping sickness 
of Africa or the Surra disease which attacks domestic horses in 
India. A further discussion of this problem has been given in 
Chapter XVII on parasitism and degeneracy. So far as we know 
now such an extinction cause is incapable of proof, unless it shall be 
found that these diseases produce a recorded change upon the bones 
themselves, for of course the soft anatomy of fossil horses is utterly 
beyond our reach for direct study. 

Living Horses.— ' Several species of horse-like animals are yet 
alive in their wild condition in Asia and Africa, all of those of 
Europe and the Americas being either domesticated or feral, that 
is, of domestic ancestry. Of the true horses but one wild type re- 
mains, the Mongolian or Przewalski horse, the tarpan of the Gobi 
Desert of central Asia and the neighboring regions. It is a small 
animal, standing but 12 hands, of a yellow dun or ‘^buckskin’’ 
color, with black mane, tail, and legs, and a white muzzle. There 
is no forelock, the mane is short and erect, and there is a decided 
beard beneath the relatively large head. 

At least three other primitive types of true horses are living 
under the fostering care of mankind, and these or an admixture 
of them constitute our various domestic breeds. Of them the first 
is the Celtic pony — pale buff, mouse gray, or even brown, with a 
large forelock and tuft beneath the jaw, a light colored mane and 
tail, but with a certain admixture of black hairs. There is long 
bushy hair at the base of the tail. This horse is also characterized 
by a short face, broad forehead, slender legs, and small hoofs, and 
is found from Iceland to western Norway. 

The second form is the Norse yellow dun or forest pony, related 
evidently to the Mongolian horse, but larger, stockier, and with 
fuller mane and tail. In some instances there is a dark stripe down 
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the back and traces of barring on the legs. The face is longer and 
the hoofs relatively larger than in the Celtic horse. The Norse 
pony is the main ancestral stock for the ordinary domestic horses 
of northwestern Europe. The changes may be due to domestica- 
tion or to the infusion of Arab blood. 

The last great type is the southern horse or barb, the Arab or 
thoroughbred, Equus africanus. The color of this creature is bay, 
sometimes gray, with black points and often with a white star on 
the forehead and one or more white legs. It has a small head and 
slender, graceful limbs, and possesses great docility and spirit. 

Nearest the true horse comes the kiang, Equus kiang, of central 
Mongolia and Turkestan. This creature is not an ass although 
ass-like in many ways. It stands 12^- hands, the ears are horse- 
like and the hoofs broad, especially in front. The tail tuft is 
large and there is the rudiment of a forelock. In winter the color 
is grayish, in summer chestnut, with no striping. 

The zebras are exclusively African and are of course character- 
ized by a very conspicuous striping when seen out of their natural 
surroundings. They are, nevertheless, generally reported to be 
protectively colored when in their appropriate habitat, although 
this is a subject upon which Colonel Roosevelt had much to say, as 
he believed that the theory of protective coloration has been con- 
siderably overdrawn {African Game Trails, Appendix). There are 
two well defined species of zebra living, while a third, the quagga, 
was so recently exterminated that mounted skins may be seen in 
certain museums. The plains or Burchelhs zebra is somewhat vari- 
able in the coloring but always lacks the cross-striped rump, the so- 
called gridiron of the true or mountain zebra. The former is 
still numerous, in fact it is said to be the second big game animal 
of the world in point of numbers. The mountain zebra, on the 
other hand, is becoming so rare that it is protected by law. It is 
more nearly related to the ass and has longer ears, narrower hoofs 
and a scantier tail tuft than the Burchell species. 

The ass, Equus asinus, is domesticated the world over, in fact 
its subjugation by mankind long antedates that of the horse. Asses 
are still wild in the tropics of Africa and are gray at all seasons, 
with a dark back stripe. When wild the size is medium to large, 
ranging from 11 to 12|- hands at the shoulder. The hoofs are 
small and narrow and the fore pair are no larger than the hinder 
ones. There are two varieties, the Nubian ass, which has a trans- 
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verse shoulder stripe, and that of Somali, which lacks the shoulder 
stripe but has barring on the legs. The domestic variety is typical 
of the Nubian form. 


Horses and Man 

Mankind owes a profound debt of gratitude to the horse, first 
in savage days as an easily obtainable food, later as a partner in his 
labors without whose aid human progress toward a higher civiliza- 
tion would have been retarded immeasurably. It has been thought 
by some that the condition of semi-barbarism of the North Ameri- 
can Indians, really a race of great potentiality, was in part due to 
the premature extinction of the American horses. 

There is no record of the association of man and the extinct 
horses of America, but during prehistoric times in Europe, before 
the extinction of the mammoth, we find records of the association 
of the horse and man in the form of mural decorations on the walls 
of caverns. It is interesting to note that at least three types of 
horses are shown by the Paleolithic artists: one a small-headed form 
resembling in this regard the Arab of to-day, another large-headed, 
with the erect mane and beard typical of the living Przewalsld 
horse, and a third which in contour closely resembles the Norse or 
forest pony. The presence of bridle-like markings on the head of 
one horse has been taken as an indication of domestication on the 
part of the prehistoric peoples. One finds, however, no trace of 
a drawing of a man on horseback or other use of the animal as a 
beast of burden and the idea has been advanced that possibly be- 
cause of its extreme docility it may have been occasionally easier 
to lead home a captured horse to the slaughter than to carry home 
the meat. 

One of the most remarkable prehistoric encampments, not in 
caves but in the open air, is at Solutr6 in Saone-et-Loire, France. 
Here there was a fine southern exposure sheltered on the north by 
a steep ridge. Encircling the south side was a kind of protective 
wall formed almost entirely of the bones of horses to the estimated 
number of 80,000 individuals! Such a wholesale slaughter of 
course extended over a long period of time, but might readily have 
been an important factor in local extermination when aided by the 
weakening effects of disease. 
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CHAPTER XXXVII 


CAMELS 

The camels are another group of animals whose phylogeny has 
been very clearly demonstrated by the fossil evidence, the perfec- 
tion of the record being second only to that of the horses. Add to 
this the fact that they are throughout almost their entire evolution- 
ary career exclusively North American forms, and their title to 
a high place in our interest is complete. 

Place in Nature. — As the horses were representatives of the 
Perissodactyla or odd-toed ungulates, so the camels belong to the 
other great group of hoofed forms, the even-toed Artiodactyla. The 
latter, now largely eliminated from the western world, are still 
comparatively numerous in Africa and Eurasia, where at least 250 
distinct species are known as against 34 for the Americas. That 
the Artiodactyla were formerly much more abundant, especially 
in North America, is forcibly brought home to every collector of 
fossil vertebrates in the West. 

The principal points of agreement of all artiodactyls are: the 
axis of the foot lies between digits three and four rather than within 
digit three as in the perissodactyls ; hence the two digits, one on 
either side of the axis, are symmetrical and the number two is the 
irreducible minimum. While there are normally an even number 
of digits, the peccaries, Tayassu^ have three remaining in the foot, 
and a five-toed ancestral artiodactyl is conceivable, for the oreo- 
donts retained a well defined vestige of the first digit of the hand. 
Another artiodactyl characteristic lies in the astragalus, the ankle 
bone which articulates with the tibia or shin. In common with 
that of the perissodactyls, the upper or tibial facet is pulley-shaped, 
but in the latter the distal facet is flat, thus permitting no move- 
ment between it and the succeeding tarsal bones. In the artiodac- 
tyls, on the contrary, the distal facet is curved in such a way that a 
double tarsal joint is formed. This type of astragalus, a very 
resistant bone, is an extremely common fossil and is absolutely 
diagnostic of the group. 
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The molar teeth are invariably one of two sorts or a combination 
of them. The crown either bears conical cusps (bunodont, Gr. 
^ovvos, hill, and odovs, tooth) as in the swine, or the cusps are 
crescentic (selenodont, Gr. aeXrjvrj^ the moon), the latter sort being 


typical of the cud-chewing 
forms of ruminants. Certain 
ancient types (anthraco- 
theres) had buno-selenodont 
teeth of a transitional charac- 
ter. The teeth may be short- 
crowned or, in the grazing 
ruminants, deep-crowned as 
an adaptation to abrasive 
food; they never, however, 
reach the degree of perfection 
seen in the true horses. 

Artiodactyls are apt to 
possess weapons, either tusks, 
which are modified canine 
teeth, or horns or antlers of 
various sorts and degrees of 
development, or rarely both. 



Fig. 234. — Fore feet of artiodactyls. A, 
pig, Sus scrofa; B, red deer, Cermis elaphus; 
C, camel, Camelus hactrianus. To show 
progressive reduction of lateral digits. 
(After Flower.) 


A classification of the artiodactyls adapted from Romeris: 


Suborder Suina (swine-like) 

Family Suidse (swine) 

Entelodontidse (giant swine) 
Dicotylidje (peccaries) 
HippopotamidaB (hippopotami) 
Suborder Ruminantia (cud-chewers) 
Family Camelidae (camels and llamas) 
Oreodontidae (oreodonts) 

Infraorder Pecora (true ruminants) 

Family Cervidae (deer) 

Giraffidae (giraffes) 

Antilocapridae (prong-bucks) 

Bovidae (antelopes, sheep, cattle, etc.) 


Thus it will be seen that the camels occupy an intermediate 
place within the order; they are, however, an isolated group, as 
their connection with the others is not yet clear. 
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Camel Characteristics. — The characteristics of living camels 
are as follows: The limbs are long, and two-toed; the meta- 
podials, which are fused to form a cannon-bone, diverge dis- 
tally, and the keels which serve to restrict the lateral movement 
of the digits in other forms are here very limited. Hence the 
secondarily digitigrade foot is yielding as an adaptation to desert 
sands. The feet are, moreover, provided with one or two cushion- 
like pads, hence the name Tylopoda (Gr. tuXt;, cushion and ttous, 
foot). The stomach is three-chamberod ; there is a primitive type 
of placenta; and the red blood corpuscles are elliptical instead of 
circular in outline, which makes the group absolutely unique 
among living mammals. 

Living Genera 
Camelus 

There are but two living genera, each of which includes a like 
number of species — four altogether extant — one, Camelus^ being 
confined to the Old World, while the other. Lama or Auchenia, is 
characteristic of the New. 

The two species of camel are Camelus dromedarius, the one- 
humped Arabian camel or dromedary, and C. bactrianus, the two- 
humped Bactrian camel of central Asia. The two species will 
interbreed and the consequent hybrid or mule camel possesses 
the one hump of the dromedary and the brown shaggy coat of the 
Bactrian parent. The progeny of a male Bactrian and female 
Arabian camel is preferred to either of the pure breeds. 

The camel has rightly earned its name of ‘^ship of the desert, 
for practically all of its peculiarities are but an adaptive response 
to the harsh conditions of that inhospitable environment. Many 
of these adaptations have been mentioned in Chapter XXIV, but 
they must be reviewed and brought together in order that the 
evolution of their owner^s ancient lineage may be better appre- 
ciated. As in the horse, two directions of adaptation stand out 
sharply — that of speed, ever a desert requisite, and that of teeth, 
for the harsh and scanty herbage. The other characteristics the 
horse does not possess, for they are the direct outcome of desert 
life. 

Speed. — Cursorial characteristics are well shown in the length 
of limb, reduction of digits, of ulna and fibula, and in the limitation 
of the range of movement of the limb joints. The feet, however 
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have retrogressed in that they are no longer unguligrade but 
digitigrade, for almost the entire length of the phalanges, except 
for the intervening pad, lies flat upon the ground. The hoofs are 
reduced to nail-like structures and the whole yielding foot, with its 
absolutely silent tread, is admirably designed to support the ani- 
mal on the shifting desert sands. The foot retrogression somewhat 
diminishes the extreme length of limb, but this is to a certain 



Fig. 235. — Skeleton with bodily outline of camel, Camelus drotnedarius. 

(After Pander and D’ Alton.) 

extent compensated for by the fact that the thigh is freer from the 
body than in other ungulates and thus the length of stride is 
increased. 

Teeth. — The teeth of the camel have suffered a reduction in 
numbers, to 34, instead of the normal 44. There is but one upper 
incisor left on either side and it is more canine- than incisor-like. 
The lower incisors, on the other hand, are all present, more or 
less spatulate and procumbent, and the canine is somewhat similar 
and functions as an incisor. Behind the canine comes a short 
diastema and then a recurved, tusk-like premolar which has as- 
sumed the discarded form and function of the canine. This is 
followed by a longer toothless area, and the four cheek teeth — the 
fourth premolar and the three molars — form an efficient compact 
grinding mechanism, of long-crowned but, as compared with the 
horse, relatively simple teeth. 
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Hump. — The hump which forms so very characteristic a camel 
feature consists of a conical mass of gelatinous fat when the animal 
is well fed, is nourishment stored against a time of scarcity, and 
can be drawn upon during the passage of the desert. Whether or 
no any of the extinct camels possessed such an organ we cannot 
tell, as it is entirely superficial and leaves no impression upon the 
skeleton. The hump becomes flaccid and falls over on one side in 
an exhausted camel. 

Water Reservoirs. — Another desert characteristic is the de- 
velopment of water reservoirs in the walls of the stomach (properly 
the paunch or rumen). These are small flask-shaped cavities, 
each with a constricting muscle at its mouth, so that when the 
stomach is filled with water the muscles relax automatically, allow- 
ing the water to enter the cavities, while that which remains is 
absorbed into the system. In time of water scarcity the stored 
hquid is allowed to trickle out into the stomach and is thence 
available for the impoverished blood. 

Senses. — The proud carriage of the head, which is held hori- 
zontally some nine feet from the ground, protects the eyes from the 
reflected heat and the eyes and nostrils from the sand. The sense 
organs are still further protected, the eyes by long lashes, the ears 
by hair, and the nostrils by being closable, like eyelids. The crea- 
ture is keen of sight, but what is still more necessary, the sense of 
smell is very well developed so that water may be detected a long 
way off. 

Mentality. — Mentally the wild camels are sagacious, as the 
brain is large and well convoluted, but the domesticated ones are 
so stupid that their bad traits are notorious. 

Thus Palgrave observes (in Flower and Lydekker): ^Uf docile means 
stupid, well and good ; in such a case the camel is the very model of docil- 
ity. But if the epithet is intended to designate an animal that takes an 
interest in its rider so far as a beast can, that in some way understands his 
intentions, or shares them in a subordinate fashion, tiiat obeys from a 
sort of submissive or half-fellow feeling with his master, like the horse or 
elephant, then I say that the camel is by no means docile — ^very much the 
contrary. He takes no heed of his rider, pays no attention whether he 
be on his back or not, walks straight on when once set agoing, merely 
because he is too stupid to turn aside, and then should some tempting 
thorn or green branch allure him out of the path, continues to walk on in 
the new direction simply because he is too dull to turn back into the right 
road. In a word, he is from first to last an undomesticated and savage 
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animal, rendered serviceable by stupidity alone, without much skill on 
his master’s part, or any cooperation on his own save that of an extreme 
passiveness. Neither attachment nor even habit impress him; never tame, 
though not wide-awake enough to be exactly wild.” 

As beasts of burderi; however, camels are entitled to respect, 
as one can carry 500 to 800 pounds, and their endurance is phe- 
nomenal, the Arabian breed known as the ^^Heirie” camel travel- 
ing from 125 to 150 miles a day for eight to ten days at a time. 
The distance from Tunis to Tripoli is 600 miles, yet a single camel 
has carried over that route a burden of rider and gear weighing 
not less than 250 pounds, in four days — an average of 150 miles a 
day! 

Uses. — Alive, camels are used as beasts of burden, for their milk, 
and for the shed hair which is spun and subsequently woven. Dead, 
the flesh is used as food, the hides for leather, the hair for fabrics, 
and even the bones are utilized. Their importance to mankind, 
especially to the nomads of the East and to traders between great 
cities, can hardly be estimated. Necessities of war have developed 
means of desert transportation in the form of tractors and other 
motor vehicles, as well as airplanes. To what extent such machines 
will be used to aid travel and commerce in time of peace remains 
to be seen. With nomadic peoples, however, who do not care for 
or possess means of mechanical transportation, the camel must still 
be highly important. 

It is interesting to note that, while the American Museum 
expeditions to Mongolia have an adequate fleet of motor cars, 
they also have a supporting train of camels, which carries in gas- 
oline and other supplies and brings specimens out. 

There are wild camels in remote Turkestan, the desert of I.ob- 
nor, and in Spain, but some are certainly feral, ^. e. of domestic 
ancestry, and all are probably so, as there are ruins of ancient 
cities in the Asiatic portion of their range of which the very tradi- 
tions have vanished and to whose departed citizens the ancestors 
of these camels may well have belonged. It is highly probable 
that they have not existed wild for thousands of years. 

The area of servitude includes Arabia, Persia, India, all of the 
country from North Tartary to the confines of China and the 
coast of the Persian Gulf, and the Canary Islands and Africa north 
of the Sahara. There were none in Africa, however, until the third 
century of our era. Attempts to naturalize them in Australia and 
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North America have been made, but the lack of success in America 
has not been due to the climate or other physical conditions of 
their ancestral home, but rather to their unfavorable reception 
by the Americans, who greatly preferred the highly serviceable, 
cheaper, and more tractable burro. 

Lama (Auchenia) 

Characteristics. — The South American genus. Lama (= Avr- 
chenia) (Fig. 236), includes two wild species, the guanaco, L, 
huanacuSj and the vicuna, L. vicunia, and their domestic deriv- 
atives, the llama and alpaca. These 
creatures are of much smaller stat- 
ure than the camel and lack the 
characteristic hump of the latter. 
The feet are narrow and the toes 
more distinctly divided, with two 
pads beneath instead of but one. 
The hair is woolly as a protection 
from the cold of their mountain 
home, for instead of being adapted 
to sandy desert conditions, al- 
though their structure shows a 
desert ancestry, they are upland 
animals, which may well account 
for their attainment of South 

Fig. 236. — Guanaco, Laryia huan- America along the isthmian land- 
Sf to the exclusion of the 

true camels. 

Range. — The Lama range is along the west side of South Amer- 
ica from the equator to Cape Horn. Domesticated, they have 
their uses similar to those of their Asiatic cousins, as beasts of 
burden, and for the flesh, hides, and wool. They have the distinc- 
tion of being Americans only contribution to the list of mammals 
domesticated by mankind, but although their local importance may 
be great, they have by no means contributed to human progress 
and well-being to the extent that the camels have. 

Evolutionary Changes 

These are in a way comparable to the changes undergone by the 
horses, with the exception of the secondary retrogression of the 
feet. To summarize briefly, the changes are as follows: Increase in 




EOCENE OLIGOCENE MIOCENE PLIOCENE PLEISTOCENE RECENT 


PHYLOGENY OF THE CAMELS 


Camels 

Camelus 


Llamas 

Lama ( Auchenia ) 


(Line extinct) 
Camelo ps 


Camelus 


Camelo ps Lama ( Auchenia ) 



Up. Alticamelus Procamelus Pliauchcnia 


Mid. I Protolahis 

Ox ydac tylus 

Low . I Protomer yx 

Miolabis | 

? I 

^P- Para tylopus Protomer yx 


Poebrotherium 
\ Eotylopus y 


Stenomylus 





Up. 

Protylopus ? 

Mid. 

? 

Low 



613 












614 


ORGANIC EVOLUTION 


stature from the size of a western jack-rabbit to one much greater 
than the huge Bactrian camel of today. Loss of lateral digits, of 
which not the least vestige remains. Elongation and fusion of meta- 
podials to form the very characteristic, distally spread cannon- 
bone. Retrogression from unguligrade, deer-] ike feet to digiti- 
grade, broadening of phalanges, development of foot-pads with 
the coming of desert conditions in the Pliocene, reduction of num- 
ber of teeth, elongation of teeth in the grazing phylum (see Fig. 
237). 


Phylogmy 

North America is, as we have seen, the evolutionary home of 
the camel family, and, as Matthew (1915) says, ^4ts ancestral 
stages can be very fully and exactly traced in the western forma- 
tions, as far back as the Upper Eocene, below which they are 
merged with the ancestry of other groups. They are unknown in 
any other continent until the Pliocene, when they invaded South 
America and Asia and Africa, surviving in those continents to-day, 
although extinct in North America since the Middle Pleistocene.^^ 

Why the ancestral camels failed to migrate to the Old World 
before the Pliocene, when the horses repeatedly made the journey, 
is somewhat obscure unless, as Matthew (1915) again suggests, 
their center of radiation was further south, for, as he says, ''The 
center of dispersal would appear to have been in this continent, — 
how far to the north we have no means of estimating; but the ex- 
ceptional directness of the phylogenetic series as represented by our 
western fossils indicates, in my opinion, that these fossils lived in 
or close to the racial dispersal center. 

Eocene. — Camels are unknown until Upper Eocene time when 
the first possible ancestor of the line appears in Protylopus (Fig. 
237). This small creature was no larger than a jack-rabbit, and 
had 44 teeth, those in each jaw forming a continuous series, the 
canine being only slightly enlarged. All of the molars were low- 
crowned. The skull with its narrow face suggests that of the 
existing forms, l)ut the bony orbit was incomplete behind. The 
fore limbs were considerably shorter than the hind so that the 
back sloped upward toward the rump. The ulna was entirely 
separate from the radius and the fibula was complete. The hand 
had four functional digits but the lateral toes of the foot were 
greatly attenuated although still complete. Protylopus is from the 
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Fig. 237. — Camel evolution as indicated by the skull, feet, and teeth. 
(Modified after Scott.) 
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Uinta stage and is thus contemporaneous with the horse Epfnippus^ 
to which it is comparable in degree of evolution. 

Oligocene. — During the Oligocene, camel-like animals increased 
in numbers so that they must have been a very characteristic 
though rare element in the fauna of that time. This is especially 
true of Poehrotherium (Figs. 237; 238), the remains of which are 
abundant in the ''Big Bad Lands of South Dakota, whence 
they range across Nebraska into Colorado and west to the John 
Day valley of Oregon. As Protylopus parallels Epihipjms, so 
Poebrotherium resembles the contemporary Mesohippus in the de- 
gree of its evolution. Poehrotheriunif like Mesohippus^ attained the 

stature of a sheep, 
but the former was 
more lightly con- 
structed than the 
sheep, with rela- 
tively longer limbs 
and neck and with a 
small tapering skull. 
The teeth are still 
forty-four as in Pro- 
tylopus and the in- 
cisors and canines 
are more typical of 
Fig. 238. — Restoration of ancestral camel, Poe- mammals in general, 
hrotherium Mnaturn, Middle and Upper Oligocene, not the procumbent. 
North America. (Restored from a skeleton in the ofrnr.tnrp« 

Amherst College Museum.) spatulate structures 

of later cameloids. 

The grinding teeth of the upper jaw are short-crowned, while the 
lower molars have begun to elongate. The jaws are very slen- 
der. The limbs show a marked digital reduction both in the hand 
and foot, in that small nodules only are present as the last vestiges 
of the lateral toes. The ulna has coalesced with the radius and 
only the two ends of the fibula remain. The hoofs are deer-like. 
The Upper Oligocene Protomeryx differs from Poehrotherium 
mainly in the complete encircling of the orbit by bone. 

Miocene. — During the Oligocene there began an initial diver- 
gence into at least three phyla which became well-defined groups 
during the Miocene, paralleling once more the equine evolution. 
Of these the grazing camels, which were the main line leading to the 
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modern representatives of the race, include the Lower Miocene 
Protomeryx and the Upper Miocene Procamelus. 

The former, Protomeryx^ still possessed the full quota of teeth, 
but the grinders show a decided deepening tendency as an adapta- 
tion to the abrasive grasses. The feet had two digits and possessed 
pointed hoofs like those of the deer. 

In Procamelus (Fig. 237) we find the first tooth reduction, in 
that the first and second upper incisors are lost in the adult stage. 
The feet have advanced, for the metapodials are beginning to fuse 
to form the cannon-bone. The first desert adaptation is shown 
in the foot bones in this genus which imply the presence of a padded 
foot. In size Procame- 
lus must have exceeded 
the dimensions of the 
modern llama. 

A very notable fos- 
sil locality in western 
Nebraska, of Lower 
Miocene age, has 
yielded a large number, 
some forty or more, of 
a slender camel-like 'y 
form known as steno- 
mylus (Fig 239) the Fig. 239. — Gazelle camel, StenomyluSy Miocene, 
pzelle-camel, delicate Nebraska. (Redrawn from Scott.) 

in its proportions and much smaller than any of its contempo- 
raries. Its Oligocene ancestry has not yet been traced and except 
for the early Miocene Rakomylus, the inference is that the line 
soon became extinct. It has an apparent anomaly in its dentition, 
as there are ten incisor-like teeth in the lower jaw, six true incisors, 
and in addition the canines and first premolars which have as- 
sumed a similar form and function. The low-crowned molars 
imply a browsing habit. The head is small, the neck long and 
delicately built, and the limbs and feet extremely slender, with 
very thin-walled bones. There are but two toes on each foot 
and the metapodials are not fused. Apparently fleetness was 
Stenomylus^ only defense, which may have accounted for its 
brief racial career. The known specimens, of which a group of 
two individuals is mounted at Yale, are almost without exception 
from a single quarry, where they occur in profusion, some dis- 
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membered, others in completely articulated condition as though 
the carcasses had drifted downstream in time of flood, to be caught 
in the backwater of some large cove and buried by sediment. This 
is in accord with the belief of the discoverer, Professor Loomis, 
based upon anatomical grounds, that Stenomylus was an upland 
form. The only associated remains other than those of the camel 
found in the quarry pertain to a large wolLlike creature known as 
Amphicyon {^Daphxnodon) superbus^ probably one of the forms 
which preyed upon the camels. 

The name giraffe-camels does not imply relationship with the 
giraffes, which, so far as known, with one exception have been 

confined exclu- 
sively to the Old 
World, but is ap- 
plied to creatures 
which from com- 
munity of habit 
converged very 
strongly toward 
the existing giraffe 
in size and propor- 
tions. Two Mio- 
cene genera have 
been discovered 
which pertain to 
this family, and in 
the aberrant Oli- 
gocene Paratylo- 
pus we recognize the first recorded ancestor of the group. In the 
Lower Miocene the representative is Oxydactylus (Fig. 240), re- 
mains of which have been collected in eastern Wyoming and west- 
ern Nebraska. This form is much smaller than its successor, 
Alticamelus, and has a shorter neck and limbs. The metapodials 
do not fuse to form a cannon-bone and the hoofs are sharp- 
pointed and deer-like, with little indication of the sand-adapted 
feet of the later camels. The teeth of Oxydactylus are rather short- 
crowned, as though fitted for browsing rather than for grazing, 
and they are yet 44 in number. 

Alticamelus of the late Miocene and early Pliocene, although 
clearly derivable from Oxydactylus, is much further advanced in 



Fig. 


240. — Giraffe camel, Oxydactylus, Miocene, 
braska and Wyoming. (After Scott.) 
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more than one way, for we find that the feet show the same desert 
adaptation that its contemporaries of the grazing phylum do — 
cannon-bone, depressed phalanges, and indications of pads — a 
remarkable instance of convergence, the like response of unrelated 
phyla to a similar climatic change. Alticamelus was a very large 
animal, although the head was small and the teeth, like those 
of its predecessor, are low-crowned. The neck and limbs are very 
long as in the giraffe and were probably, as with the latter, an 
adaptation to permit the animal to browse upon the otherwise 
inaccessible foliage of high and thorny shrubs like the African 
mimosa, which forms the staple of giraffine diet. But while the 
result of this remarkable convergence was to produce the same 
effectiveness for such a method of feeding, the way in which it was 
brought about was not the same. 

Pliocene and Pleistocene. — Pliocene camels belong to the main 
grazing phylum and are the direct descendants of the Miocene 
Procamelus, from which they hardly differ at all. The Pliocene and 
Pleistocene camels Camelops and Eschatius are not very well 
known, owing largely to the fragmentary character of the material 
thus far collected, with the exception of fine skeletons of Camelops 
hesternus from the Rancho la Brea (PL XXV). The Pleistocene 
camels, however, were very numerous and future discoveries are 
sure to bring better specimens to light. N ot all of the Pleistocene 
forms are true camels in the sense of being like those of the Old 
World, but are cameloid creatures, possibly more llama-like in 
appearance. Some of them attained an enormous size, as certain 
bones preserved at Yale are half again as large as equivalent ele- 
ments from a Bactrian camel. 

Typical camels, of the genus CameluSy differ from Procamelus 
in the further loss of one premolar in the upper and two in the 
lower jaw, and this genus is apparently the first to brave the cold 
of the northern route and pass to the Old World, presumably by 
way of the Bering land-bridge, for we have the first recorded re- 
mains of it in the famous Siwalik formation (Lower Pliocene) of 
India. The two Indian species of CameluSy C. sivaleusis and C. 
antiquuSy show a peculiar tooth character found in the New World, 
llamas but lost in the living camels, indicating that in some re- 
spects the New World types are the more primitive. Fragmentary 
Camelus fossils have been found in the Pleistocene of southern 
Russia and Roumania, and in Algeria not far removed from the 
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living habitat of the race. The extinction of the North American 
camels is as inexplicable as that of the horses, and may well have 
been due to the same unknown complex of causes. 
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CHAPTER XXXVIII 


SOUTH AMERICAN MAMMAL RADIATION 

The South American fauna presents an extremely interesting 
example of what may happen in a large and varied area during 
a long period of isolation. The continent of South America is to- 
day, owing to the existence of the Panama Canal, entirely isolated 
by water from the rest of the world. So it was for long periods of 
geologic time, due of course to natural causes. As a consequence 
there developed, during these periods of isolation, a most amazing 
local fauna, the members of which differ markedly from the more 
familiar creatures inhabiting the rest of the globe. 

Paleogeography. — Not only is South America vast, extending 
as it does from 10 degrees north of the equator to 55 degrees south, 
but it varies greatly in climate as a consequence of its latitudinal 
range, as well as its topography. Moreover, it is so completely 
surrounded by water that its isolation by the forces of nature was 
most readily accomplished. Of the former land connections there 
have been several opinions, but the authority of Charles Schuchert 
is taken as final, for it is backed by years of the most painstaking 
accumulation of data and by very judicial interpretation. 

Three possible lines of communication have existed in the past : 
that with North America, though not necessarily by way of the 
present Panamanian isthmus; one from the southern extremity to 
Antarctica and thence to Australia; and the third across what is 
now the South Atlantic to Africa. 

The evidences of these old-time connections are in part geologi- 
cal but more largely biological and paleontological and are based 
upon present and past distribution of animals both by land and 
sea. Manifestly similar and closely related terrestrial animals, 
vertebrate or invertebrate, normally incapable of overseas migra- 
tion, point to the existence of land-bridges as migratory routes. 
The same is true of strictly fresh-water fishes. Marine creatures 
whose home is on the continental shelf can, on the other hand, only 
migrate where shores are continuous. Thus, where Atlantic and 
Pacific marine animals are similar, it points to aquatic continuity,, 
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by way of a strait or other body of water, and therefore to the 
absence of land connection, whereas dissimilar marine forms imply 
land continuity, which would of course serve as a sea barrier. It 
is by the accumulation of evidences such as these, not only in 
existing but in fossil forms, and by the careful plotting of the 
occurrences on successive geological maps that the old-time shore 
lines are indicated, for they must lie somewhere between the points 
of occurrence of land and marine animals of contemporary age. 

The evidence may be summarized as follows: 

Between the Americas there was connection during the Mesozoic, 
broken in Eocene time (Upper Eocene, according to Schuchert; 
Matthew, however, says Paleocene, otherwise the carnivores would 
be creodonts and not marsupials), reestablished in early Pliocene, 
and practically continuous until the present day, except for the 
canal. Thus the period of isolation lasted during part of the Eocene, 
all of the Oligocene and Miocene and into the Pliocene, a duration 
of perhaps fifty million years. 

After its reestablishment in the Pliocene the land-bridge was 
evidently much broader than the present Isthmus of Panama, but 
soil had to form as a result of rock disintegration, and the estab- 
lishment of vegetation had to precede the migration of terrestrial 
mammals, which in the long run depend upon the plants for food. 

With Australia via Antarctica the communication, if it actually 
existed at all, was again an ancient one and was also severed very 
early in the Eocene and has never been reestablished. The same 
was apparently also true of the African connection. Evidence 
speaks of the existence of a vast equatorial continent, extending 
from South America across the South Atlantic to Africa, and again 
to India, the East Indies, and Australia, including part of what 
is now the Indian Ocean. This great area has been named Gond- 
wanaland, and, while its former existence is denied by good author- 
ity, the evidence for it is strong and well founded. Some question 
has arisen as to the date of its final severance, but Schuchert^s 
belief is that it began to break up toward the close of the Creta- 
ceous, so that by Tertiary time all chance of migration by this 
route had ceased. Matthew^s argument also holds here. 

These old-time connections of course afforded paths of migra- 
tion for terrestrial animals, both vertebrate and invertebrate, and 
from some one or more of them must have come the ancestors 
of the peculiar South American fauna, except such elements as 
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were strictly native in origin. The edentates among mammals 
seem to be the only order which can be referred to this latter 
group, however, as they alone show no affinity with apparently 
ancestral forms elsewhere in the world. 

Geological Succession. — The following time table of South 
American strata is modified from Scott. 


Eras 

Periods and Epochs Age 

Occurrence 

Psychozoic 

Quaternary 

Recent or 
Post- 
Glacial 

Pleistocene 

(Glacial) 

! 

Pampean -1 

’ Pampas of Argentina, 
also Equador Brazil, 
Chile, Bolivia 

^ Caverns of Brazil 


Pliocene i 

f Monte Hermoso 
Catamarca 
[ Parana 

Extensive areas 
in Patagonia. 

Some extend into 
Tierra del Fuego 

Cenozoic 
(Tertiary) ^ 

Miocene 

Oligocene | 

I' Santa Cruz 
[ Patagonian 

f Deseado (Pyrotherium beds) 


^ Astraponotus beds 



Eocene 

Paleocene 

Casa Mayor (Notostylops beds) 

Mesozoic 

Cretaceous 




Scott summarizes the successive horizons as follows: 

Paleocene. There are no marine Paleocene rocks, hence the infer- 
ence is that the continent was largely emergent. Connection with 
Africa (Gondwanaland) may have continued into this epoch, but 
probably was severed during the Cretaceous. Hence the difficulty 
of deriving the South American mammals from known African 
orders, such as the Hyracoidea and Proboscidea, as some have 
argued. 

There is evidence, although questionable, of the existence of 
the Antarctica-Australian bridge, which might account for the 
remarkable similarity between Australian and South American 
marsupials. The South Polar region could not have had so severe 
a climate as now, or passage across it, even were the land connec- 
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tions existent, would not have been possible. Communication 
with the Eurasian continent was probably roundabout, by way of 
North America. 

Eocene. During the Eocene, North and South America were 
completely severed, apparently across Costa Rica-Panama, and 
there was apparently no connection with any other continent. 
Isolation was complete. Connection with Australia seems highly 
improbable, otherwise there would certainly be placental mam- 
mals in Australia derived from South America. Were such animals 
formerly existent they have utterly died out, leaving only the 
monotremes and marsupials. Usually when the two groups, 
placental and marsupial, are in competition, it is the marsupials 
that perish. Our knowledge of the relative organization of the 
two groups makes this the only understandable result. 

During Eocene time the Andes were much lower than at pres- 
ent. Their great height in the south was probably attained not 
earlier than Pliocene time. 

Oligocene. Paleogeographers believe that the Greater Antilles 
were broadly united into a common land mass known as Antiilia, 
which existed during most of the Eocene but, due to great sub- 
mergences during the late Eocene and Oligocene, was broken up 
into a chain of islands much smaller than the present Greater 
Antilles — Cuba, Haiti and Santo Domingo, Puerto Rico, etc. 
At all events, the Oligocene was for South America a time of 
complete isolation, so that it is difficult to be sure of the relative 
age of the Deseado formation, for instance (see table), as direct 
comparison with the Oligocene mammals of North America or 
Eurasia cannot be made, there being no forms in common. 

Miocene. During the Pliocene, connection with North America 
was reestablished, but, as we have seen, migrations of terrestrial 
animals followed slowly, for more than mere closing of a water 
barrier is necessary; hence the fauna of the Santa Cruz forma- 
tion in the far south is still entirely a native evolution, with no 
known immigrant phase, such as appeared in the Pliocene. This, to- 
gether with the marvellous abundance and perfection of the fossils, 
many of which are those of animals apparently buried alive in wind- 
borne volcanic ash, makes the study of the Santa Cruz fauna one 
of the most interesting and profitable of all. Matthew says that the 
reunion is dated from the appearance of M egalonyx in the Lower 
Pliocene of North America. 
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The Patagonian stage is marine, as the region was submerged 
beneath a shallow epicontinental sea. The finding of Cetacea 
(whales) in the Patagonian strata comparable to those in the 
Maryland Miocene establishes not only the geologic age of the 
former but also the fact that no land-bridge with Africa could 
possibly have existed at this time or the whales could not have 
interrnigrated, as they surely did. 

After the retreat of the Patagonian sea the Santa Cruz beds, 
which we have mentioned, were laid down, in part river deposits 
but largely the air-borne volcanic ash which preserved the en- 
tombed specimens with such great perfection. 

While immigrants from North America may already have en- 
tered South America, none had as yet reached far Patagonia, 
whence the Santa Cruz animals come. Known fossil plants of 
Miocene time indicate luxuriant tropical forests comparable to 
those alive today in Brazil and Bolivia. The Santa Cruz animals 
come from too far south and too high an altitude for such plants 
to live in, and hence there is no direct record of their botanic 
surroundings at all. The mild climate which is indicated points to 
open plains with occasional trees, as in the African veldt. 

Pliocene, With the ushering in of Pliocene time the climate 
becomes cooler, and this increases as time goes on until the austere 
conditions of the Pleistocene Glacial period are reached. The 
latter was never so severe as in the northern hemisphere, however. 
The paths of intermigration were now fully open to traffic, with 
all that that implies, and now for the first time appears the van 
of the increasing tide of immigration from north to south and 
from south to north. Climatic barriers, ever more prohibitive of 
north and south movement than of cast and west, must to a certain 
extent have prevailed, for there never is such freedom of inter- 
change of animals as between the Old World and the New. 

A large portion of Patagonia was encroached ypon by the seas, 
which extended in places to the Andes, while the broad valley of the 
Rio de la Plata was a gulf. The continental deposits of the Plio- 
cene are of Parana, Catamarca, and Monte Hermoso age, the last 
being the most recent. 

Pleistocene. As we have seen, the ice-sheets were much less ex- 
tensive than in the northern hemisphere, rather were they localized, 
due perhaps not so much to temperature as to general differences 
in elevation. The climate must have been drier, for there is 
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evidence of great dust storms, carrying immense quantities of air- 
borne material, thus producing the loess of the Pampas formation. 
This covers vast areas of Patagonia and Argentina and entombs 
thousands of animals of Pleistocene age, some of which seem to be 
comparatively recently extinct. The relative age of the Pampas 
formation is equivalent to the Sheridan or Equus beds of the north, 
so called from tin', abundance of fossil horse remains, and there is, 
as we shall see, evidence of greater freedom of faunal interchange 
between the two continents than ever before. On account of the 
more consolidated character of the Pampas deposits they seem of 
greater antiquity than do the Equus beds. Their approximate age, 
however, is attested by the contained fossils. 

Another source of Pleistocene mammals is the limestone caverns 
of eastern Brazil. Here, while the perfection of preservation is 
not so great as in the Pampas, the numbers are much greater; in one 
instance no fewer than 500 opossum jaws having been recovered 
from half a cubic foot of cavern earth. 

The Pleistocene witnessed the extinction of a greater part of 
the ancient South American stocks which for millions of years had 
multiplied and passed on to leave the land to their somewhat al- 
tered descendants. The same is true of the immigrant element, 
such as the true horses. Why, one may conjecture, but there is no 
demonstrable cause or causes. As in North America, horses re- 
introduced by man throve mightily, showing that the physical en- 
vironment other than the critical climates of the Glacial period 
was hardly responsible. An instance will serve to emphasize this 
point. Horses were first landed in Buenos Aires in 1537; by 1580, 
only 43 years later, their feral descendants had spread west and 
south until they had reached the Straits of Magellan : a remarka- 
ble development in a human generation and a half, even if they had 
the aid of mankind in their dispersal. 

The Fauna 

In studying the mammals of South America two remarkable 
vistas are unveiled to us of such typical, and at the same time 
contrasting, character that it is well to concentrate on those, with 
only such mention of the other ages as may be necessary for our 
understanding of the emphasized two. They are the Santa Cruz 
Miocene, when the fauna was entirely indigenous, and the Pampas 
Pleistocene, when interchange with North America was fully 
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established and the fauna was mixed, partly indigenous out of the 
Santa Cruz stock and partly immigrant from North America. 

The origin of the native South American fauna has been alluded 
to, partly North American or via North America from the Old 
World, partly Australian (if the reverse of this last statement is 
not true), and partly, although doubtfully perhaps, African. Add 
to tliis the probability that certain orders, notably the edentates, 
were a purely local development and, while derived from some one 
of the primitive mammalian world stocks, nevertheless had their 
inception and subsequent evolution in South America, where 
they were first found. To be sure, there are so-called Old World 
edentates, aard varks and pangolins, but the feeling is that they 
are convergent toward the New World representatives of the so- 
called order and that the EdeMata of common usage is not a 
natural group in that the two divisions are not blood-related. 

Santa Cruz Fauna 

The South American radiation had already been under way for 
millions of years when the Santa Cruz Miocene phase was reached. 
Land connection with North America had not as yet been 
reestablished, hence the faunal interchange could not have been 
effected between such remote areas as North America and far 
Patagonia. The Santa Cruz animals are still entirely indigenous; 
but it is almost the last age of which this is true, for by Catamarca 
time (Pliocene) the first immigrants appear in the form of certain 
true Carnivora. These have been identified as dogs, raccoons, 
and bears, but the material is so fragmentary that precise iden- 
tification is not only difficult but open to question. However, 
these are the first scouts of the invading army; there seems to be 
no doubt of that. 

Scott has entirely exhausted his adjectives applicable to the 
strange Santa Cruz animals. They are so unlike anything alive 
to-day that, with very few exceptions, one would look the living 
world over in vain for comparisons. As he says, ^Ht is extremely 
difficult to convey to the reader any adequate conception of this 
great assemblage of mammals, because most of them belonged to 
orders which have altogether vanished from the earth and are 
only remotely like the forms with which we are familiar in the 
Northern Hemisphere. To one who knows only these northern 
animals, it seems like entering another world when he begins the 
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study of the Santa Cruz fossils.’^ There are gaps in the history 
of these forms, due in part to accidents of collecting, some of 
which future exploration will certainly fill, and also to the fact 
that Miocene Patagonia had comparatively few trees, so that 
typically arboreal, or even forest-dwelling forms, like the primates 
and others which must have existed toward the tropics, are hardly 
represented at all. 

One rather remarkable thing about the Santa Cruz mammals, 
which is at once apparent from the figure, is the very moderate 
size of the known forms; most of them were actually small, only 
one or two, such as Astrapotherium^ being actually large as com- 
pared with a pointer dog which is taken as a standard of com- 
parison. 

Marsupials. — As we have seen, the true Carnivora have not yet 
arrived, yet every fauna has a certain balance, though not an 
equal one, between its plant- and flesh-eating forms, the latter 
being much the less numerous. This is due to the ease of obtaining 
plant food, whereas the carnivores not only feed upon the herbi- 
vores but each individual must necessarily destroy numbers of 
them in the course of a lifetime. It is only in the remarkable 
Rancho la Brea of Los Angeles that the reverse is seemingly true 
of terrestrial animals, for there the carnivores, cats and wolves, 
are by far the more numerous. This is due to the capture of the 
latter by the tar death trap when they came to prey upon the un- 
fortunate herbivores that formed the lure, and does not represent 
the true ratios of the time among the uncaught. 

In Santa Cruz time it is the marsupials that fill the role of 
carnivores. These sparrassodonts, as they are called, seem to have 
a rather close affinity with the living thylacine or Tasmanian wolf. 
(See Australian Adaptive Radiation, Chapter XVIII.) Three gen- 
era are sufficiently well known to characterize in full. There 
was a wolf-like form which, because of its similarity to Thylacynus 
and its earlier age, has been called Prothylacynus (see Fig. 241,9). 
The representatives of this genus equalled modern wolves in size 
and prowess, but, if one may judge from Thylacynus, were far 
inferior to them in shrewdness and intelligence and yet could hold 
their own in a fauna where no true wolves existed. That they 
fulfilled the role of wolves and were probably equally successM 
in their day is evident. Another interesting beast was Borhyama, 
described as possessing a short cat-like head and looking not un- 
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like a small puma. His role was probably that of the larger modern 
cats. The role of the lesser beasts of prey, like the badgers and 
minks, was filled by Cladosictis (see Fig. 241,1) and its allies. 
Opossums were common, although more like the Australian 
phalangers perhaps than the common Virginia opossum of America. 
The latter must, however, be a survivor of the same general race. 
These forms maintained the balance of nature as the types used 
for comparison do to-day. 

Rodents. — Of the herbivorous animals the first to be mentioned 
are the rodents (see Eocardia, Fig. 241,3), which varied in an 
extraordinary manner. As genera they are all extinct, although 
doubtless more or less akin and presumably comparable to their 
living descendants. Tree porcupines, chinchillas, cavies (guinea 
pig), coypus, and such forms, arboreal, cursorial, possibly aquatic, 
constitute this element of the fauna. (The Canadian or tree 
porcupine of North America is a surviving descendant of these 
old-time forms which has emigrated northward.) 

Edentates are perhaps the most characteristic feature of the 
neotropical region. They vary greatly within the group but have 
certain characters in common, some of which are remarkably 
primitive, others high specializations. Linnseus^ old order Bruta 
(Edentata) included both Old and New World forms characterized 
among other things by the deficiency of their teeth, although not 
all are toothless, as the word edentate implies. The New World 
forms have remarkably complex articulations between the suc- 
cessive vertebrae as compared with the relatively simple ones of the 
Old World, so that authorities have divided the order into the 
Xenarthra (Gr. ^evoSj strange and apdpov, joint), or New World 
edentates, and the Normarthra, or Old World aard varks and 
pangolins. As we have seen, the inclusion of two such different 
types in the same order may be an unnatural one. At all events 
there is no evidence of genetic relationship. The Xenarthra of 
Santa Cruz time included armadillos characterized by a bony body 
armor. These animals are present in the fauna of to-day, but it is 
doubtful whether many of the known Santa Cruz genera can be 
considered ancestral to those now in existence. Such a one as 
Stegotherium (see Fig. 241,4) was probably fossorial in habits, as 
are the modern armadillos. 

Glyptodonts were another very remarkable group of edentates, 
also heavily armored, but, unlike the armadillos in which the 



SOUTH AMERICAN MAMMAL RADIATION 631 


carapace consisted of a variable number of movably articulated 
rings, they had a box-like shell composed of rosettes of fused 
polygonal plates. They also bore a head shield, as well as one 
protecting the tail. They were rather conservative forms, varying 
largely in tail armor. In Santa Cruz time the glyptodonts were 
comparatively small, two feet or less, although one characteristic 
genus, Propalseohoplophorus (Fig. 241,5), made up for it in length 
of name, but that was a posthumous happening for which nature 
was not responsible. As Scott says, “their carapace departed less 
from the armadillo type than that of their gigantic descendants.^' 

Sloths (Tardigrada). We know nothing of the Miocene tree 
sloths, but this is evidently due in large part to the character 
of the Santa Cruz environment, and not to the fact that they did 
not exist. It is possible that exploration further to the north, in 
the tropical forests of Brazil, would reveal these as well as a far 
greater abundance of monkeys and armadillos which are the actual 
ancestors of the existing forms. It is probable, however, that 
fossils will not be found, for it is as a rule in semi-arid or desert 
regions that the paleontologist finds his material, never in a 
tropical forest, except by the luckiest chance. 

Ground sloths (Gravigrada) were leaf-eating and therefore re- 
quired trees or shrubs as a food source, but not necessarily forests, 
if they frequented them at all. Hence the Santa Cruz environ- 
ment was greatly to their liking, and their numbers and variety 
are amazing. As compared with their Pleistocene descendants 
they were small, none exceeding a black bear in size, and many 
were no larger than foxes. The head was small, the body long with 
a heavy tail and thick-set limbs, especially the hinder pair. They 
had long hook-like claws for uprooting and pulling down the 
branches of trees, and this necessitated walking on the outside 
of the hind foot, on the knuckles in front. Apparently they were 
covered with long coarse hair, at least their Pleistocene descend- 
ants were in two remarkably preserved instances, and they some- 
times possessed vestiges of armor in the form of scattered dermal 
ossicles buried in the skin. Enamelless teeth were present in the 
rear of the jaws, while in front they used the toothless horny skin 
of the mouth, gathering their food as do the ruminants with a long 
prehensile tongue. Among the Santa Cruz ground sloths were 
probably the direct ancestors of the later giant sloths. Hapalops 
(see Fig. 241,6) is a representative Santa Cruz genus. 
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Ungulates. — ^To most of the hoofed animals the group name of 
Notoungulata has been given to stress their aloofness from the 
ungulates of the rest of the world. For it must be remembered 
that relative ease of intermigration makes the hoofed animals of 
Arctogaea, which includes roughly the northern land masses plus 
Africa, more or less akin, and all decidedly familiar to us, whereas 
Notogaea, or South America, placed its peculiar stamp on the 
native ungulates within its borders. 

There are four suborders of Notoungulates, all out of the same 
ancestral stock, whatever that may have been, condylarth or 
hyracoid. Of these the first to be mentioned are the Toxodontio 
(i. e., bow tooth in allusion to the sharp curvature of the grinding 
teeth). These were the most numerous in individuals of any of 
the ungulates, heavily and clumsily built and having but three 
toes fore and aft — feet hardly adequate, apparently, to the crea- 
toress weight. They ranged up to a modern tapir in size and were 
occasionally horned, the horns being odd in number of course to 
correspond to their odd-toed feet, for that and the reverse correla- 
tion generally hold, although with some remarkable exceptions. 
Nesodon (see Fig. 241, 11) is the largest of the Santa Cruz toxodonts 
and seems to have been the lineal ancestor of the Pleistocene 
Toxodon itself, the last of the line. There is reason to suppose 
that their habitats were partially aquatic, like those of the hippopot- 
omi, and the feeding habits may have been comparable, although 
in the toxodonts the teeth were longer crowned and fitted for a 
harsher herbage. 

The Typotheria (see Fig. 241,2) were anomalous creatures 
which, while closely related to the toxodonts, were vastly more 
rodent-like in general appearance. In size they were rarely, if 
ever, larger than a fox. Two most characteristic genera are Pachy- 
rukhos, not larger than the rabbit which it must have resembled, 
at least superficially. It had long-crowned teeth. Hegetotherium^ 
another form, was considerably larger and was a long-enduring 
genus, its racial life extending into the Pliocene. 

Entelonychia, Every now and then there has appeared an 
anomalous group which, while clearly of ungulate affinities, de- 
parted widely from the conventional in the character of the feet. 
Such were the Ancylopoda or chalicotheres, first known from the 
Miocene of Europe and Asia and later from North America. 
The American representative is Moropus (?'. e. sloth-foot, clawed 
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Kke those of the sloths), known by many complete skeletons 
from the famous Agate Spring Quarry of western Nebraska, one 
of which is mounted at Yale. This creature, while suggestive 
of the rhinoceroses in many details of teeth and structure and of 
the horses in its general proportions, departed from both in hav- 
ing laterally compressed and deeply cleft unguals which must 
have been sheathed in rather powerful claws instead of hoofs. The 
chalicotheres are looked upon as aberrant perissodactyls. 

Nature has repeated the same experiment in the Entelonychia, 
taking this time the toxodont stock and developing grotesque 
creatures, long of limb and small of head, fully as remarkable 
and powerful as the chalicotheres. The latter were clumsy, espe- 
cially in the fore limbs, which lacked the mobility of those of the 
ground sloths, for instance. Hence they could hardly have been 
used for pulling down the branches of trees to obtain the tender 
twigs and leaves which formed the staple food of the sloths. Dr. 
Matthew has suggested that they may have been used by Moropus 
in digging for water in an arid land. This may well be but would 
hardly suffice as a reason for the evolution of such curious struc- 
tures, for many African ungulates — zebras and antelope — dig for 
water with perfectly normal hoofs. It may be that in the several 
clawed ungulates the claws were used for digging, but rather 
to loosen the earth around the roots of the trees, which could then 
be borne down by the straddling animal until the foliage could be 
reached. At all events, the Entelonychia were convergent toward 
the chalicotheres and may well have had a comparable manner 
of life, whatever it may have been, which influenced the trend of 
evolution in the one group as it did in the other. As in Moropus, 
the Entelonychia were large animals, in each instance exceeding 
greatly the bulk of their associates. They equalled a large ox or 
rhinoceros in size, although Moropus at least was much taller. 

The Astrapotheria were ill known, as the fossils are generally 
very imperfect. There is a remarkable variation of size within the 
group, for they ranged from one extreme to the other as among 
Santa Cruz animals. The high-crowned head and large tusks, to- 
gether with evidence of a well-developed proboscis, make these 
animals the most elephant-like of Santa Cruz forms. They differ, 
however, in that the tusks are canine teeth, whereas in the true 
Proboscidea they are incisors. Furthermore, there are no other 
Santa Cruz ungulates which have canine tusks, so that in this the 
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astrapotheres are unique (see Fig. 241,8). Scott says of them 
further, Their limbs were long and not very massive, the feet 
short, five-toed and somewhat elephantine. They form an isolated 
group, traceable to the most ancient mammal-bearing beds of 
South America. Their relationships are obscure and more complete 
material is needed to solve the problem of their origin.’^ Both the 
Entelonychia and Astrapotheria became extinct shortly after 
Santa Cruz time, whereas many of the notoungulates carried on 
until the Pleistocene. 

Yet another order was the Litopternay which were in many ways 
among the most interesting of all, chiefly, perhaps, because of 
their remarkable convergence toward the true horses on the one 
hand and the camels (llamas) on the other. Hence the members 
of this group would probably look less strange to us than any of 
the indigenous South American ungulates. The Litopterna also 
trace their separate lineage back to the earliest Tertiary stages. 
Thus they were a long-lived race. By Miocene time they had 
differentiated into two very distinct families, the Macrauchenidae 
or llama-like forms, and the Proterotheriidse or pseudo-horses 
which converged in a most remarkable manner toward the true 
equines. 

These animals agreed with the perissodactyls in having odd- 
toed feet, the digits numbering either three or one in both fore 
and hind feet. The tarsus, on the other hand, was more suggestive 
of the artiodactyls, and the wrist is distinctive in its serially ar- 
ranged bones, comparable in arrangement to the Condylarthra, 
such as Phenacodus (see Fig. 170), a curious admixture of the 
characters of different orders of mammals. 

The Macrauchenidae included the strange Theosodon (see Fig. 
241,10), apparently the direct ancestor of Macrauchenia of the 
Pleistocene. It looked not unlike a modern llama, except for its 
three-toed feet. Its teeth also differed in being curiously pointed 
in the front of the mouth, which must have given the animal a 
strange reptile-like look when the mouth was open or the lips 
drawn back. 

The proterotheres, or pseudo-horses, Scott says, were almost the 
only Santa Cruz animals which would not appear grotesque. As 
restored they are graceful little creatures, somewhat deer-like of 
body but again of course with odd-toed feet, three-toed in Protero- 
therium and Diadiaphorus and but one-toed in Thoatherium (see 
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(Fig. 241,7). Thus Diadiaphorus converged toward Merychippus 
or Hipparion among true horses and Thoatherium toward Equus. 
In Thoatherium^ however, the digital reduction had gone even 
farther than in the modern horse, for the vestiges of digits two and 
four were reduced to tiny nodules, whereas in Equus they are 
long splints reaching more than half the length of the cannon-bone. 

The proterotheres, unlike the macrauchenids, did not survive 
the Pliocene, for they were termini of a long evolutionary line, 
no trace of which has been found in the younger rocks. 

Pleistocene (Pampas) Fauna 

Another great vista of South American life is seen in the Pleisto- 
cene, where in the widespread Pampas formation there has been 
found a wonderfully rich fauna, although again composed of crea- 
tures of the open country and of temperate climate. Some, the 
indigenous element, are the direct descendants and therefore the 
culmination of several of the evolutionary lines which were repre- 
sented in the Santa Cruz. Others were immigrants from the north- 
ern hemisphere which, as is generally the case with an invading 
army, were living on the country and giving the natives a severe 
competition, which may have been one reason for the almost total 
extinction of the latter. As we shall see, very few and insignificant 
have been their survivals after millions of years of existence. 

Of the indigenous creatures of the Pampas the most conspicuous 
were the few surviving notoungulates and the edentates. It is 
interesting to note that, while some of the latter followed up the 
line of migration (although in the reverse direction from the in- 
vading hordes) and actually established themselves in North 
America, the ungulates did not and may never have been found 
outside the limits of Neogaea. 

Of the notoungulates the typotheres are represented by Typo- 
therium, itself the last of its race, a creature of moderate size and 
with chisel-shaped front teeth. Toxodon (see Fig. 242,5) likewise 
represents the terminal member of its phylum and, like its Santa 
Cruz forebear Nesodon^ was probably semi-aquatic in its habits, 
a huge creature with small three-toed feet and with continually 
growing, sharply curved grinding teeth. 

Macrauchenia (see Fig. 242,3) is again a last survivor, this 
time of the Litopterna. It was somewhat like its ancestor Theoso- 
don but much larger, and the recession of the nasal bones, together 
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with certain depressions about the bony nostrils, is looked upon as 
evidence for the existence of a very well-developed proboscis, 
similar but longer perhaps than in the modern tapirs. Both neck 
and legs were very long, and its three-toed feet were stout and well 
fitted to bear its weight. The teeth have curious pit-like cavities 
on their grinding surface. Altogether Macrauchenia must have 
been a ludicrous animal, an efficient browser but one which could 
not survive the competition of the new arrivals from the north, 
nor perhaps the environmental changes of the Glacial period, 
although the present-day conditions might suit it very well. 

The edentates reach their climax of specialization, although the 
species were apparently much fewer than during Santa Cruz times. 

Tree sloths and anteaters, existing survivors of the order, 
were doubtless present further to the north, but their actual 
remains are very scanty, possibly through accident of preserval. 
Armadillos, also survivors to the present, were very many, some of 
them largely exceeding the existing ones in size. 

Ground sloths were huge, vastly greater than any of their fore- 
bears. There were three families: (1) Megalonychidse, although 
Megalonyx itself, which gives its name to the family, is recorded 
only from North America. (2) Mylodontidie, represented by 
Mylodon (see Fig. 242,7), which is both North and South Ameri- 
can and is next in size, a ponderous brute with dermal ossicles im- 
bedded in the skin. There are preserved in the British Museum 
specimens of the related genus, Grypotherium, found in a cavern 
at Last Hope Inlet, Patagonia, almost unique in the degree of pres- 
ervation in that not only were the broken bones found still bear- 
ing the shrivelled remains of sinews and flesh, but large portions 
of the hide as well, apparently from one individual with ossicles 
and dense coarse tawny hair. These give evidence of having been 
cut from the animal by stone knives wielded by prehistoric man. 
Moreover, the presence of the creature’s dung, consisting of entire 
grass and of masses of cut grass, together with human bones, 
stone implements, and remains of fire, seems to imply that it and 
possibly other individuals were actually held in captivity by man 
himself and finally used as food. If so, this implies one of two 
things: either the great antiquity of contemporaneous man in 
South America, or the comparatively recent extinction of Grypch 
therium. It is said that human artifacts have also been found 
associated with Toxodon of which we have spoken, and this oc- 
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Fig. 242. — Representatives of the South American Pampas fauna. 1, Dce- 
dicurus; 2, Glyptodon; 3, Macrauchenia; 4, Hippidium; 5, Toxodon; 6, Megathe- 
rium; 7, Mylodon. Drawn to the same scale as the modem pointer dog within 
the rectangle. (After Scott.) 
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currence, if true, is open to similar interpretation. The compara- 
tive freshness of the Grypotherium hide, together with evidence 
of the only other comparable case, that of the ground sloth Noth- 
rotheriurriy found in New Mexico and now in the Yale Peabody 
Museum (see page 376), points to the theory of very recent ex- 
tinction as the more probable. 

The third family, MegatheriidiC, which includes Nothrotherium 
just mentioned, has as its representative genus Megathenuyn (see 
Fig. 242,6), first fully described by Sir Richard Owen. This 
creature was as large as an elephant, although not so tall, had a 
long spout-like symphysis of the lower jaw, and probably a long 
prehensile tongue. The family possessed no dermal ossicles for 
defense, as the size of its members probably gave them immunity 
to attack by any other than the great saber-tooth cat, SmilodoUy 
and he may rarely have destroyed an adult animal. Megatherium 
and the smaller Nothrotherium are both known from North as well 
as South America. These creatures were both very ponderous 
of hind limbs and tail and walked on the extreme outer edge of 
the foot, with the long claws turned inward and clear of the ground. 
The fore limbs were relatively much more slender and mobile, and 
the animal must have walked on the knuckles of the hand with 
the claws bent back against the palm. It is quite apparent that 
they could rear on the hind legs, supported by the heavy tail as 
on a tripod, and use the fore limbs freely to pull down the branches 
of trees for the leaves, on which they normally fed. In the Yale 
specimen the hair which is preserved over the hip is long, coarse, 
rather brittle, and pale yellow in color. The living animal, how- 
ever, may have been somewhat darker. 

The armored glyptodonts of the Pampas were huge, with a 
carapace varying up to six feet, so that the entire animal sometimes 
reached twice that in over-all length, ten times the size of those 
of the Santa Cruz. The feet and legs were short and massive, with 
broad hoofs unlike the claws of the other edentates. There was 
comparatively little variation among the several species other 
than in the armor of the tail, which in Doedicurus (see Fig. 242, 1) 
was a most remarkable vStructure, like the battle mace of a mediae- 
val knight. These ultimate glyptodonts converged in a most amaz- 
ing way toward the ancient armored dinosaur Ankylosaurus (see 
p. 485) of the late Cretaceous, resembling the latter in carapace- 
Uke armor, head shield, and battle-mace-like tail, and in all prob- 
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ability in immunity to attack except perhaps when very young. 
These late glyptodonts are also recently extinct, so that their 
shells, which once dotted the Pampas, are said to have been used 
by the Indians as huts or hogans in which to live. Few of the 
glyptodonts reached North America, as they were not particularly 
mobile types. They have been found, however, as far north as 
the Panhandle of Texas. 

Primates were the typical ones found in South America to-day, 
such as CehuSy CallithriXy and others. Here again the fossil record 
does not give a complete story, as the center of their profusion was 
farther to the north in the tropical forests of which we have no 
record. 

Marsupials are represented largely by opossums from the 
Brazilian caves, as the old predatory thylacines had gone. The 
latter cannot endure competition with wolves and foxes, the 
forerunners of which made their appearance in the Pliocene. A 
comparable case is found in the existing Thylacynus itself, which is 
now confined to Tasmania but whose remains are found in the 
superficial deposits of the Australian mainland, where it is now 
entirely extinct. Here the competitor was apparently the dingo 
dog, Canis dingoy the record of whose coming is lost in the obscurity 
of time, although it is generally believed to have been brought from 
Asia by the human aborigines, as it is closely related to the Indian 
dhole and could hardly have made the overseas migration unaided. 
The Australian Blackfellows, whose ancestors might have brought 
it over, are closest of kin to the Veddas of India, which sums the 
evidence. 

Immigrant Fauna. — We have spoken of some of the South 
American animals which reached the northern hemisphere, eden- 
tates, rodents (Canada porcupine), and the like. The more virile 
North American forms, however, invaded South America in 
relatively greater numbers and gradually replaced many of the 
indigenous forms. The great extinctions of the Glacial period were 
ruthless for invaders and natives alike, few surviving into modern 
times. The Pleistocene ground sloths and glyptodonts, the no- 
toungulates and the invading antelopes, horses, and mastodons 
have all been destroyed, not only in South America but, with the 
exception of the antelopes and horses, in the other continents as 
well. The immigrants did not all arrive at once but rather in 
successive waves of migration, the carnivores first. 
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Of the Carnivores all were of the ordinary North American types, 
with certain local peculiarities among those known from the 
Pampas. Of bears the short-faced Arctotherium is the only one 
known, but others, like those now living in the Andean highlands, 
may have existed. Of the cats the most interesting is the great 
saber-tooth, Sniilodon (see Fig. 180), found also in North America 
and apparently the only enemy of sufficient prowess and armament 
to have attacked the ground sloths and mastodons. In fact the 
general belief is that their evolution was in a measure a response 
to such prey and that they could not survive the extinction of the 
latter, having reached an evolutionary cul de sac (see Chapter 
XXXIII). There were other large cats in the Pampas as well, 
true biting cats or Felinse, allied to the living jaguar and puma, and 
smaller ones comparable to the ocelot. 

The dogs were of at least three principal kinds: the bush dog, 
Icticyon; fox-like wolves, CerdocyoUy nearly related to those living 
to-day, and one, apparently Cyon, resembling clos(4y the dhole of 
India. There were also raccoons, one very large one, and skunks 
and others, giving thus a comparatively well-rounded group of 
beasts of prey. 

Ungulates. The Notoungulata, as we have seen, were relatively 
few and were but the last survivors of at least three of the old 
suborders, their place being taken by representatives of three orders 
of northern forms. Of the perissodactyls, there were true horses, 
Equus and the curious Hippidion (see Fig, 242,4), with two or 
three allied genera. There were also tapirs, which were the only 
perissodactyls to survive until modern times, although their range 
is much more restricted today. Artiodactyls include the llamas 
or camel-like forms, of which the wild guanaco and vicuna, with 
their domesticated derivatives, survive; deer and antelopes, the 
last being now extinct; peccaries, the only living American swine. 
Proboscideans of the genus Dibelodon (see Fig. 210) are also present, 
mastodons with rather complex grinding teeth and no lower tusks 
but with well-developed upper ones, each with a spiral band of 
enamel. These suffered extinction along with the northern mas- 
todons. Why the true elephants, which were so well represented 
in the northern continent, together with Mastodon itself, never 
penetrated South America is a mystery.^ 

1 A true elephant from French Guiana has been mentioned by Lartet (see Chap. 
XXXV). 
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This briefly summarizes the South American faunas and their 
evolution. Out of more primitive stocks there evolved strange and 
remarkable beasts, which probably were actually stranger in 
appearance than our restorations seem to show, for these are 
perhaps unconsciously influenced by the artistes knowledge of 
existing creatures, without which the reconstructions would be im- 
possible. During the long period of isolation these throve in their 
various ways, adapting themselves admirably to the environmental 
needs, both physical and biotic. Some lines died out naturally, 
others flourished until they came into competition with the invad- 
ing hordes and then perished, yet others actually stemmed the 
tide of northern invaders, crossed the land-bridge in the face of 
their numbers, and established themselves in the northern hemi- 
sphere, but never beyond the limits of the New World. The present- 
day survivors are very few. Among the edentates are armadillos, 
sloths, and anteaters; among the marsupials, opossums and 
Cxnolestes; and among the rodents, tree porcupines, cavies, the 
chinchilla, and the capybara; and that is about all, only a remnant 
of a great and remarkable host. 
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CHAPTER XXXIX 

IHE EVOLUTION OF MAN: ONTOGENY AND 
MORPHOLOGY 

Man^s Place in Nature 

We have come to the culmination of our course and approach the 
high estate of man, the loftiest pinnacle of the evolutionary fabric, 
but one to which all of the laws governing the survival of the 
other creatures have nevertheless applied. In our research we can- 
not consider man, that is, physical man, as a being apart from his 
fellows of the animal kingdom; but whatever our prejudices, we 
must look the facts in the face and consider him merely as one, 
perhaps a very special one, among the great hosts of animal life. 
As in the case of the other creatures whose evolutionary history we 
have endeavored to understand, so with man we must enquire into 
his place in nature, learning what his nearest relatives are and 
whence and why he came. 

Man a Vertebrate. — A brief diagnosis of a vertebrate mentions 
a number of characteristics such as the notochord, hollow, dor- 
sally situated nerve-cord, perforated pharynx, and the like, all of 
which without exception are possessed by man the individual dur- 
ing some period of his career just as surely as by the horse, the 
dinosaur, the amphibian, or the fish. The evidence of man’s ver- 
tebrate inclusion is therefore unquestionable. 

Man a Primate. — Of the several classes into which the verte- 
brates are divided, man shares with the horse, the elephant, and 
even the saber-tooth the several characteristics— hair, warm blood, 
midrif or diaphragm separating the chest and abdominal cavities, 
young born alive and nourished by mammary glands — which make 
them mammals. He cannot therefore be debarred from that group 
any more than the others. Within the class Mammalia he is 
excluded from the egg-laying monotremes and the pouch-bearing 
marsupials, and included with those whose unborn young are 
nourished by the placenta (see Fig. 140) ; he is therefore a placental 
mammal. And of the four cohorts of Placentalia he is by a process 
of elimination narrowed down to the nailed arboreal forms, or 
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Primates, for he can be neither a clawed unguiciilate, nor a hoofed 
ungulate, nor a finned cetacean. 

Primates in General. — This name was given to the group by 
Linnseus, who wished thereby to emphasize the headship of the 
animal kingdom, the first in the sense of the highest. The word 
has, however, a deeper significance than this, for the primates are 
also among the first of the placental mammals in their antiquity 
and primitiveness. Along their chosen line of specialization, the 
feet, the horses and camels are, it is true, vastly further advanced 
than are the primates, and the same thing can be said of tooth 
modification in elephant and Smilodon. It is only in the brain and 
such correlated modifications as mental development entails that 
the primates may justly lay claim to superiority, for in other 
respects they are as humble and generalized a group, with very 
few exceptions, as the mammalian class contains. 

Primates may be defined as nearly all arboreal, with prehensile 
limbs, having a more or less opposable pollex (thumb) and hallux 
(great toe) . The five digits usually terminate in flattened nails, rarely 
claws; there is a clavicle, the orbit is completely surrounded by bone, 
the stomach simple, and the mammary glands are nearly always 
thoracic. 

Classification of Primates 

The classification of the primates has of course been subjected 
to the same vicissitudes as those of other orders, especially when 
fossil forms are found which link together apparently isolated 
living groups. An admirable study of primate interrelationships 
is that of W. K. Gregory (1916), from whom the following classifica- 
tion, somewhat abridged, is taken: 

Order Primates 

Suborder Lemuroidea (lemurs or “ half-apes ^0- 
Suborder Anthropoidea (monkeys, apes, and man). 

Series Platyrrhini (New World monkeys). 

Family Hapalidse (marmosets). 

Family Cebidae (capuchins, howler monkeys, spider mon- 
keys, etc.). 

Series Catarrhini (Old World monkeys and apes). 

Family Cercopithecidse (monkeys, baboons, macaques, 
etc.). 

Family Simiidae (man-like or anthropoid apes). 

Family Hominidae (men). 
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Lemuroidea. — The lemurs (Figs. 243, 244) are the most ancient 
of living primates and as such have departed least from the ordi- 
nary quadruped. They are, however, exclusively arboreal, mostly 
nocturnal, and of comparatively low organization, which is man- 
ifest not only in their body but also in the brain, for the fore brain 
is relatively small and smooth and does not completely cover the 
hind brain as in the higher primates. The second digit of the foot 
bears a claw, the rest terminate in nails. 

The present home of the lemurs is, above all, Madagascar, of 
which they are so highly typical that they constitute perhaps one- 
half of the total mammalian fauna. Lemurs are also distributed 



Fia. 243. — Lemur, the aye aye, Chiromys madagascariensis, living, Mada- 
gascar. (After Owen, from Wortman.) 


through the tropical forests of Africa and the Oriental realm. They 
are found fossil in the Eocene rocks of North America and of 
Europe. Two interesting relic animals belonging to this group still 
survive — Chiromys , the aye aye (Fig. 243), now living in Madagas- 
car but having near allies among the long-departed fossil forms of 
North America; and Tarsius, the tarsier (Fig. 244), now confined 
to Sumatra, Borneo, Celebes, Java, and the Philipnines, but which 
also had relatives in the American p]ocene. 

Anthropoidea. — The anthropoids are the most highly organized 
of primates, with 32 to 36 teeth, a completely closed orbit, two 
pectoral mammae, feet usually prehensile and generally the hands 
also, pollex sometimes vestigial, and cerebral hemispheres richly 
convoluted, covering the cerebellum. This suborder includes all 
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primates other than the lemurs and this of course means man as 
well as the monkeys and apes. It is divided into two sharply 
marked series, the Old and New World primates, and these, so 
far as our evidence goes, represent parallel evolutions which, 
because of the long period of South American isolation (see page 
622), must have diverged from a common ancestry in early 
Eocene time. 

The Platyrrhini may be distinguished by the broad nasal septum 
(hence the name, Gr. TrXares, broad, and pis, nose); the thumb 



Fig. 244. — The tarsier, Tarsius spectrum, living, East Indies and Philippines. 

(After Brehm.) 

is not opposable, and sometimes reduced ; the tail may be prenen- 
sile; there are no cheek-pouches nor ischial callosities. The family 
Hapalidse, the marmosets or squirrel-monkeys, are small monkeys 
with a long, hairy, non-prehensile tail. The pollex is elongated, 
but the hallux very small. The latter bears a flat nail, while all 
of the other digits are armed with curved and pointed claws. These 
creatures are no larger than squirrels and are active forms, living 
among the trees in small groups. Their food consists of fruit, to 
which eggs and insects are added, a very common dietary. 
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The CebidXj the common South American monkeys, differ from 
the marmosets in the possession of an additional nioJar tooth in 
each jaw, making thirty-six teeth all told, in having flat nails in- 
stead of claws, and frequently a prehensile tail. These forms, 
none of which is as large as the larger Old World monkeys, are ex- 



Fig. 245. — New World ape, the spider monkey, Ateles pmtadactylus, living, 
northern South America. Notice the extremely reduced thumb and the pre- 
hensile tail. (After Brehm.) 

clusively confined to the tropical forests, notably those of Brazil. 
Among the more remarkable are the slender spider-monkeys 
(Ateles, Fig. 245) whose prehensile tail is an organ of the greatest 
use; the howler monkeys (Mijcetes), whose prodigious voice arises 
from an especially modified vocal apparatus; and the capuchins 
(Cebus), whose pathetic figures, garbed with human habiliments, 
are so often seen with itinerant musicians. 
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The group Catarrhini includes all of the Old World apes and 
man, excluding of course the lemurs. They are characterized by 
the possession of a narrow nasal septum with the approximated 
nostrils directed downward, thirty-two teeth as in man, and a non- 
prchensile tail, which may, however, be vestigial or entirely absent. 
The hallux, except in man, is fully opposable and the pollex as well, 
although often less developed. 

The Cercopithecidse are the monkeys and baboons, exclusive of 
the man-like apes, from which they differ in the fore-and-aft elon- 
gation of the molar teeth, the presence of ischial callosities on the 
rump, occasional cheek-pouches, a narrow breast-bone, and in the 
absence of the vermiform appendix. The baboons (Cynocephalus) 
are almost the only primates with the exception of man which 
have forsaken the arboreal for a terrestrial mode of life; but un- 
like man this has not resulted in an erect posture but a typically 
quadrupedal one. Their head is more dog- than ape-like, hence the 
generic name (Gr. kvo)v, dog, and head), with powerful 

jaws bearing immense canine teeth which, added to the equally 
powerful hands, enable competition with the terrestrial creatures 
to be readily met. The old male mandrills (PI. XXVI) are re- 
markable for their ferocity. These creatures are colored most 
gorgeously on the cheeks and ischial callosities, but colors which 
in themselves are beautiful — blue, scarlet, lilac — are in combina- 
tions which seem grievously misplaced. Thus while the fur is often 
beautiful and the colors lovely, the general effect is such that, as 
Cuvier says, II serait difficile de se figurer un etre plus hideux que 
le mandrill.'^ The mandrills, which are typical baboons, like the 
rest of their race, appear to be somewhat indiscriminate eaters, 
feeding upon fruit, roots, reptiles, insects, scorpions, etc., and in- 
habit open rocky ground rather than forests. Their present range 
includes Africa and Arabia. 

Of the baboons Ditmars says: ^Ht is fortunate for general 
animal life that their tendency to develop size and massive frame 
stopped where it did. If they had reached the size of the anthropoid 
apes, they would be among the most frightful creatures the earth 
has ever known.” 

The macaques are rather stoutly built monkeys, the tail being 
variously developed. They are both arboreal and terrestrial in 
habit but their principal interest lies in the fact that, whereas al- 
most all are Asiatic, extending as far as Japan, one species, the so- 



648 


ORGANIC EVOLUTION 


called Barbary ape {Macacus inuus) is North African and is the 
only living primate other than man which is found within the con- 
fines of Europe, as it has spread from northern Africa to Gibraltar. 

Semnopithecus is another characteristic genus, containing very 
long-tailed, slender forms, short-muzzled, without cheek-pouches, 
and typical of a subfamily, the Semnopithecinse. This group is 
both African and Oriental in its distribution. 

The man-like or anthropoid apes, family Simiidse, lay greatest 
claim to our interest, since they of all creatures come nearest to 
mankind, not only in similarity of structure, but in actual relation- 
ship, for they are our next of kin in that they and humanity spring 
without question from the same bough of the tree of life, and 
though the relationship is very remote according to human stand- 
ards of consanguinity, from the evolutionary point of view it is 
very close. This does not mean that man arose from any known 
ape, or that any ape could ever in the course of evolution give rise 
to a man, but that man and the ape had at some not very remote 
time, geologically speaking, a common ancestor. It is, however, 
highly probable that were we to see this common progenitor in the 
flesh we would be at a loss for a descriptive term to apply to it if 
we excluded the word ape. The primates which we have dis- 
cussed play a subordinate part, in that they serve to link man with 
the lower animals; the Simiidae, on the other hand, are all-impor- 
tant, for only by an understanding of them and their habits can we 
come to a true appreciation of our immediate prehuman progeni- 
tors. 

The Simiidae are thus diagnosed: Man-like apes, tailless; no 
cheek-pouches or ischial callosities, except in the gibbon; arms 
much longer than the legs, an opposable pollex, a broad sternum, 
a vermiform appendix. Several extinct genera of Simiida^ are 
known, while among the living there are four: Hylohates, the gib- 
bon; Sirnia, the orang; Anthropopithecus^^ or Pan, the chimpan- 
zee; and Gorilla, the gorilla. Of these the first two are Oriental, 
the last two African in their present distribution, although all 
are apparently Asiatic in origin (see page 673). 

The gibbons (PL XXVII) are the smallest of the man-like apes, 
rarely exceeding 3 feet in height, but have relatively the longest 
arms, for the hands reach the ground when the creature stands 
erect. Ischial callosities are present — true of none of their allies — 
and they are variously colored. The jaws and dentition as in all 
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Simiidse are adapted to a frugivorous diet, but the molar teeth 
are more primitive than in their relatives, although the upper 
canines are enlarged and saber-like, either for defense or, more 
probably, as a dietary adaptation. The skull is rounded, lacking 
the high sagittal crest ^ for muscle attachment seen in the adult 
males of the other genera, and the head is posed upon the vertebral 
column more like that of a man, doubtless a response to the erect 
posture which the ape assumes both at rest and in motion. This 
upright pose may have originated in connection with a change in 
the mode of locomotion. The primitive lemurs ran and jumped on 
the upper side of the branches, and hence were quadrupedal, 
whereas the gibbons swing beneath the branches, the arms being 
held above the head. “This acrobatic mode of locomotion, which 
has been appropriately called ^brachiation' (Lat. hrachium, arm) 
by Professor Keith, very probably took rise in the earliest anthro- 
poids and has been carried to an extreme specialization in the 
excessively long-armed gibbon. Thus the habit of sitting upright, 
which first set free the hands for prehensile purposes . . . very 
probably preceded the habit of brachiation and the loss of the tail, 
as it has also in the genus Indris among the lemurs (Gregory). 
Huxley description of the gibbons contains the following: 

They “are true mountaineers, loving the slopes and edges of the 
hills, though they rarely ascend beyond the limit of the fig-trees. 
All day long they haunt the tops of the tall trees; and though 
toward evening they descend in small troops to the open ground, 
no sooner do they spy a man than they dart up the hill-sides, and 
disappear in the darker valleys. The voice is prodigious, much 
more powerful than that of any singer, and yet the animal has 
hardly half the height of a man and far less proportionate bulk. 
They walk erect with the arms either down, touching the knuckles 
to the ground, or above the head. The gait is quick, waddling, 
with no elasticity of step, and they are soon run down. 

In the trees, however, their locomotive powers are quite another 
matter, as their method of progression is by brachiation, the hands 
and arms being the sole organs of locomotion, clearing spaces of 


^ The sagittal crest is a thin vertical ridge of bone running along the mid-line 
of the skull, the purpose of which is to give greater area for the origin of the muscles 
concerned in mastication than is afforded by the brain-case alone. The develop- 
ment of this crest implies increased jaw power over those forms which do not pos- 
sess it; it is also more apt to be developed where the brain-case itself is smaL' as in 
the creodorits. 
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12 to 18 feet with the greatest ease and uninterruptedly, for hours 
together. According to Duvaucel, they can clear 40 feet, which 
may be readily believed. They start and stop instantly with 
no appreciable slowing down or acceleration of speed. More- 
over, their leaps not only require great strength, but the nicest 
precision. The significance of this mode of progression can- 
not be ignored, because of its educative value to the creature 
concerned, for every time such a hand leap is undertaken it requires 
the instantaneous solution of a mathematical problem, since an 
accurate estimate of distance, trajectory, direction, and the ability 
of the objective branch or branches to bear the impact of the 
creature’s weight must all be estimated, and upon the correct 
solution of this problem depends the amount of muscular force to 
be used in order that the creature may neither under- nor over- 
shoot the mark, and the penalty placed upon the incorrect solution 
of the problem and its practical application may be death ! Nature 
has abundant opportunity, therefore, for the weeding out of the 
unfit and she places a high premium upon mental preparedness, 
more perhaps in the gibbon and other brachiating primates than 
in any other group of animals, and this undoubtedly was also true 
of the arboreal ancestors of man. 

Osborn thus summarizes: “The gibbon is the most primitive of 
living apes in its skull and dentition, but the most specialized in 
the length of its arms and its other extreme adaptations to arboreal 
life. As in the other anthropoids, the face is abbreviated, the narial 
region is narrow, i. e.j catarrhine, and the brain-case is widened, but 
the top of the skull is smooth, and the forehead lacks the prominent 
ridges above the orbits; thus the profile of the skull of the gibbon is 
more human than that of the other anthropoid apes. When on the 
ground the gibbon walks erect and is thus afforded the free use of 
its arms and independent movements of its fingers. In the brain 
there is a striking development of the centers of sight, touch, and 
hearing [see diagram. Fig. 249]. It is these characteristics of the 
modern gibbon which preserve with relatively slight changes the 
type of the original ancestor of man.” 

The orang, Simia saiyrus (PI. XXVIII), the second of the oriental 
apes, is confined to the swampy, coastal forests of Sumatra and 
Borneo. It is reddish in color and rarely exceeds four feet in height, 
but, unlike the gibbon, it is very bulky, measuring two-thirds of its 
height in circumference. The arms are immensely long, the crea- 
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ture spreading from 'i feet 2 inches to 7 feet 6 inches. The head is 
short, round, and of great vertical diameter, with very closely 
approximated orbits. The skulls of the old males show a sagittal 
crest and the face is surrounded with a remarkable flaring rim of 
flesh which gives it a very ferocious aspect. The jaw is deep and 
massive, and the canines are very efficient either for the opening of 
fruits or for fighting. The principal weapons, however, when used 
against other animals, are the hands. 

The great size of this ape renders it less agile than the gibbon 
and while highly intelligent it is sluggish in disposition, reposing 
with the back curved and head bowed until hunger stimulates 
it to activity. By day the orangs climb from one tree top to another 
and they descend to the ground only at night. They climb slowly 
and carefully, more like a man than an ape, and are nest-building 
in thcii they break off branches and lay them in a convenient crotch 
of a tree, thus forming a sort of platform whereon they repose, 
utilizing one nest until the food in the immediate vicinity is ex- 
hausted, when they move on and build another. These nests are 
10 to 25 feet above ground. On the ground the orang runs la- 
boriously and shakily on all fours and is soon overtaken by man. 
It never stands erect. ‘‘Dyaks tell of old orangs which have lost 
all their teeth, but which find it so difficult to climb that they 
maintain themselves on windfalls and juicy herbage (Huxley). 
Normally the food consists of figs, blossoms, and young leaves, 
never living animals. The intelligence is very great, the hearing 
acute, but the vision less so. 

The chimpanzee, Pan pygmseus or Anthropopithecus troglodytei 
(PI. XXIX), is the first of the African apes and may readily be 
distinguished from the orang by its black hair, although the skin 
of the face and ears is apt to be light in color. In size they never 
exceed 5 feet but are not so bulky relatively as the orangs, and as a 
consequence are much more expert as climbers, swinging from tree 
to tree with great agility as do the gibbons. They rest in the sitting 
posture and sometimes stand or walk on the hind limbs, but run 
on all fours. The head of the chimpanzee is larger than that of the 
orang and the brow-ridges above and outside of the orbits are 
especially prominent. There is a sagittal crest for muscular at- 
tachment in the males. The brow-ridges and the prognathous 
or forward sloping teeth and receding chin strongly resemble 
those of the more ancient species of prehistoric man (see page 683). 
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In their nest-building the chimpanzees resemble the orangs; in 
their activity and biting propensities, the gibbons. There may 
also be more than one species as with the latter. They are con- 
fined today to west and central equatorial Africa, from Sierra 
Leone to the Congo. Chimpanzees are abundant. 

Gorilla gorilla^ by far the most formidable of the man-like apes, 
is also restricted to tropical Africa, extending from the Cameroon 
in the West across the Congo basin to Uganda and Tanganyika. 
There are apparently two species. A specimen killed in the Cam- 
eroon and now mounted in the museum of the Academy of Natu- 
ral Sciences in Philadelphia stands 5 feet inches in height, 
and weighed in the flesh 418 pounds, while the Karisimbi male, 
shot by Akeley, measured 5 feet 7^- inches in height and weighed 
360 pounds, the arm spread being 97 inches. The torso and upper 
limbs are immense, but the legs are short compared wiih those of 
man. If the latter were of human proportions the height would 
probably exceed 7 feet and the weight would approach 500 pounds. 
Even as it is one cannot but view this creature in terms of human- 
ity, hence he becomes to the imagination one of the most terrible 
creatures upon earth, far more impressive than a much larger 
quadruped would be. 

In describing the skull (see Fig. 247) Gregory says: ‘^The gorilla 
carries to the logical extreme the frugivorous and fighting speciali- 
zations which are foreshadowed in the chimpanzee. The head is 
lengthened by the forward growth of the muzzle and by the ex- 
treme backward growth of the skull-top. Thus the gorilla skull, 
to a certain extent, parallels that of the baboons. The supraorbital 
protrusion is now extreme. The . . . sagittal crest and widely 
flaring occipital crests attain an excessive development in old 
males, and are conditioned by the massive size of the muscles of 
the jaws and neck. The canines form great tusks and hence the 
muzzle and lower jaw are very wide in front. . . . Thus the funda- 
mental resemblances to the human skull are largely disguised in 
the male gorilla, which is distinguished by the great tusks and 
massive cheek teeth, the divergent tooth rows, the baboon-like 
muzzle and protruding orbits, in contrast with the opposite speciali- 
zations in man. The young female gorilla, on the other hand, 
except in the dentition, more distinctly approaches the human 
type than any other anthropoid.” 

The gorilla is the negro of the anthropoids, with the skin a dark 
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brown, approaching black, and coarse black hair which becomes 
gray with age. The limbs and body are markedly adapted to its 
gigantic and clumsy stature. It has departed from the primitive 
sleiidcr-limbed and arboreal type and exhibits a more or less 
transitional stage leading to ground-dwelling habits. As in the 
ground sloths, the long arms, stout, short legs, and widely expanded 
pelvis are adapted for the support of the enormous thorax and 
abdomen. The hands of the gorilla are more human than those of 
any other anthropoid, although the thumb is relatively smaller 
than in man and has not acquired the power of opposing itself to 
the other digits. So also the foot of the gorilla distinctly approaches 
the human type in several ways. 

Carl Akeley, who collected material for the gorilla group in the 
American Museum of Natural History, gives us a picture of these 
huge apes which is in marked contrast with the popular conception 
based upon travellers’ tales of their aggressive ferocity. He says: 

saw no indication that the gorilla is in the least aggressive or 
that he would fight even on just provocation. . . . The first 
gorilla I ever saw alive was a lone old male, who might be expected 
to show some war-like spirit, if that had been a characteristic of 
his tribe. I saw his face — ugly and wrinkled, but mild and gentle — 
across the valley and caught a glimpse of his gray back as he went 
over a log and up the slope through dense vegetation. . . . While 
I am certain that normally a gorilla is a perfectly amiable, good- 
natured creature who would not look for trouble, yet I am willing 
to concede that, in regions where he is more or less in competition 
with the natives and where he is constantly harassed in his efforts 
to fight hunger, an old male might occasionally become what 
might be called a ^bad gorilla’.” 

The gorilla is not a tree-dwelling animal. Only three were 
seen off the ground and these not more than ten feet up — no 
higher than a civilized boy would climb — and there was no indi- 
cation that any of the other trees had been climbed. They never 
sleep in the trees but make their nests on the ground. They are 
not partial to fruits or nuts, preferring to feed on grass, herbage, 
and bamboo leaves. If they climb for food or at the approach of 
danger, they must come down the trunk they ascend, as they can- 
not swing from one tree to another. They always progress on all 
fours, as they are too bulky to walk on their relatively weak hind 
legs, and if they ever do so it must be with no more ease or grace 
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than a heavily built trained dog would exhibit in making a similar 
attempt. When they rise and beat their chests, it is not a challenge 
but an indication of curiosity (Akeley). 

Hominidse. — The family to which man belongs, the Hominidie, 
bears the stamp of close relationship with the Simiida), the differ- 
ences being mainly the direct outcome of terrestrial life, the as- 
sumption of the erect posture, and the development of the brain. 
The erect posture has coordinated with it the alternation in the 
curvatures of the spine, the more complete adaptation of the hind 
limbs to bear the weight of the body, the loss of the power of 
opposition of the great toe and its more complete development in 
the thumb, and the greater length of the hind as compared with 
the fore limbs. 

“The anthropoids are chiefly frugivorous and typically arboreal; 
when upon the ground they run poorly and (except in the case of 
the gibbons) use the fore limbs in progressing. Thus they are 
confined to forested regions. Man, on the other hand, is omnivo- 
rous, entirely terrestrial, erect, bipedal and cursorial, an inhabit- 
ant primarily of open country. The anthropoids use their power- 
ful canine tusks and more or less procumbent incisors for tearing 
open the tough rinds of large fruits and for fighting. Primitive man, 
on the contrary, uses his small canines and more erect incisors 
partly for tearing off the flesh of animals, which he has killed in 
the chase with weapons made and thrown or wielded by human 
hands. These implements and weapons also usually make it un- 
necessary for man to use his teeth in fighting and functionally 
they compensate for the reduced and more or less defective de- 
velopment of his dentition’^ (Gregory). 

There is but one living genus, Homo, included within the family 
Hominidse, and all existing men of whatever race or color are 
given but a single specific name, sapiens (i. e. to know). The divi- 
sions of this species into its various races, of which no fewer than 
26 subspecies are recognized by Gregory, are, perhaps, unnec- 
essary to our purpose, other than to enumerate the following: 

Australian race : skull long (dolichocephalic) ; extremely promi- 
nent eyebrows; large teeth, especially the canines; tall, long-limbed; 
skin chocolate-brown; hair black, long and woolly. Habitat: Aus- 
tralia, Dekkan, Hindustan. 

Negroid race: dolichocephalic, forehead round and childish, 
nasal bones flattened, teeth sloping (dental prognathism); skin 
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and eyes brown or black, hair the same color, short, woolly, not 
abundant. Habitat: Madagascar and Africa from the Sahara 
to the Cape of Good Hope. 

Mongolian race: brachycephalic (short-headed), flat nose, small 
and oblique eyes; short and thick-set; golden-brown skin; sleek, 
coarse black hair; scanty beard. Dwell east of a line drawn from 
Lapland to Siam; Chinese, Tartars, Japanese, Malays, Eskimos, 
North and South Americans. 

Caucasian race: A, Mediterranean, short, slender, long-headed, 
hair and eyes dark brown to black; B, Alpine, of medium height, 
stocky, round-headed, hair and eyes dark brown to black, eyes 
often hazel or gray in western Europe; C, Nordic, tall, long- 
headed, hair flaxen, red, light brown to chestnut, eyes blue, gray, 
or green. Habitat: Mainly Europe and North America; includes 
also Moors, Berbers, Egyptians, Kurds, Persians, Afghans, Hin- 
dus, Turks, Armenians, Africanders, and Australians (non-native, 
for natives see above). 

Anatomical and Ontogenetic Evidences for Human 
Evolution 

Anatomical Evidences 

Limbs. — As with the elephant, man^s body shows a number of 
primitive characteristics in addition to his specializations, the 
latter being developed within comparatively narrow limita- 
tions. The radius and ulna in contrast with those of the horse are 
both well developed and freely articulated so that the range of 
movement is ample, not only the hinge motion at wrist but the 
rotary one known as pronation as well. In the wrist the several 
bones are distinct, such as the scaphoid and lunar of the proximal 
row, which, in the Carnivora for instance, tend to coalesce into a 
single bone. The fibula of the lower leg is well developed and the 
foot has the primitive plantigrade position of the most archaic 
mammals. 

The number of digits is unreduced from the primal five, nor are 
the phalanges either increased in number as in the whales or dimin- 
ished, so that the primitive formula of 2, 3, 3, 3, 3 for the number of 
bones in both fingers and toes still prevails. 

Skeleton. — The shoulder girdle yet retains the clavicle, linking 
the scapula with the sternum in contrast with all ungulates and 
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with the carnivores. The atlas which bears the skull, the sacrum 
or that portion of the vertebral column which lies between the hips, 
and the scapula or shoulder-blade all show certain reptilian char- 
acteristics. 

Teeth. — The teeth are also primitive, short-crowned, of simple 
structure and pattern, bearing relatively few, low cusps. The two 
premolars which are present are simpler than the molars, all of 

which is in marked contrast 
with the forms we have 
studied — the horse, elephant, 
and camel. 

Soft Anatomy. — Man^s 
soft anatomy also bears the 
mark of great antiquity, 
especially those organs hav- 
ing to do with his pre-natal 
nourishment (placenta). And 
the means whereby the in- 
testine is attached within 
the body cavity, the mesen- 
teries, have still the same 
arrangement seen in the 
quadrupeds. 

Specializations.— These 
are, first, the erect posture, 
which has reacted upon the 
skeleton in several ways, for 

Compare with that of Phermcdm winu,.- instance, the four curvatures 
ms. Fig. 170 , B. c, cuneiform; f, lunar; m, of the spinal column which 
magnum, P, pisiform; sc, scaphoid; <d, trap- are reduced in number and 
ezoid; to, trapezium;**, unciform. 

treme old age. Second, the basin-shaped pelvis in contrast with the 
flattened form seen in the anthropoids. The form of the human 
pelvis aids in supporting the viscera while the body is in the erect 
position. The pelvis of human embryos is at first flattened, ape- 
like, and only gradually assumes the basin form as they approach 
the time of birth. Third, relatively short fore limbs, the hands 
rarely extending below mid-thigh when the body is held erect. 
This shows the opposite extreme of a series as compared with the 
gibbon. 
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With respect to foot specialization y in comparison with the foot 
of the anthropoid the human foot shows: loss of opposability of 
the great toe, occasionally offset in some primitive types of man; 
development of the shock-absorbing arch; tendency toward 
monodactyly, the axis of the foot running through digit one which 
thus becomes the great toe,’^ the others diminishing in size and 
length. In the fifth digit reduction in the number of phalanges is 
in progress as the distal ones tend to fuse in a certain percentage 
of human subjects. 

Still another specialization is the loss of hair from the body, 
possibly as a result of the acquisition of artificial clothing. The 
evidence for this belief cited by Matthew (1915) follows: “(1) It 
is accompanied by an exceptional and progressive delicacy of skin, 
quite unsuited to travel in tropical forests. I do not know of any 
thin-haired or hairless tropical animal whose skin is not more or 
less thickened for protection against chafing, the attacks of insects, 
etc, (2) The loss [of hair] is most complete on the back and abdo- 
men. The arms and the legs and, in the male, the chest, retain hair 
much more persistently. This is just what would naturally happen 
if the loss of hair were due to the wearing of clothes, — at first and 
for a long time, a skin thrown over the shoulders and tied around 
the waist. But if the loss of hair were conditioned by climate it 
should, as it invariably does among animals, disappear first on the 
under side of the body and the limbs and be retained longest on the 
back and shoulders. A high specialization is the loss of pigment 
in the skin of fairer races. 

The normal human dentition contains the same numl)er of teeth, 
thirty-two, as that of the other Catarrhini, so that the reduction 
from the original forty-four is a primate and not a human char- 
acteristic. The human teeth, however, are reduced in relative size 
as compared with those of the anthropoids, the canine no longer 
exceeds the other teeth in length and it is tending to become in- 
cisiform. There is also a loss of the diastemata or spaces between 
the teeth into which, in the ape, the opposite canines fit. 

In the anthropoids the movement of the lower jaw is obliquely 
transverse, ruminant-like; in the human being it is in all directions 
and partly of a rotary character. This is correlated with the reduc- 
tion of the interlocking canines. That tooth reduction in humanity 
is still progressing is shown by the fact that one of the premolars 
and the second incisors are often reduced and sometimes wanting. 
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and the same is true although to a less extent of the third molars, 
the so-called wisdom teeth. 

The tooth reduction is in turn correlated with the shortening of 
the muzzle and jaw symphysis — the facial portion of the skull, 
that concerned with the senses and appetite, in contrast with the 
enormous expansion and deepening of the brain-case, the seat of 
mentality. This change in the proportions of face to cranium is 
expressed in terms of the facial angle that is formed between two 
lines lying in the sagittal plane of the skull, one of which is drawn 
from the lower margin of the nasal aperture to the ear opening, the 
other from the forehead to the maxilla (see Fig. 248). In the 



Fig. 249. — Side view of human brain, cerebrum, 
of high type, showing chief areas of muscular con- 
trol and of sensory impressions of sight and hear- 
ing, also prefrontal area in which higher mental 
faculties are centered. (Modified from Starr.) 


higher races of man- 
kind this facial angle 
approaches a right an- 
gle, averaging 85°; in 
the anthropoid, such 
as the chimpanzee, it 
is much less, not more 
than 45°. 

The human hrain is 
one of nature^s mar- 
vels, exceeded in actual 
size only by that of the 
elephants and of the 
greater whales. In rela- 
tion to bodily weight, 
man^s brain exceeds 


that of any other creature except some excessively small vertebrates 
such as the humming-birds and smaller mice. In these forms there 
has been a dwarfing as a result of evolution, as an increase or de- 
crease in bulk physically seems to be more rapidly attained than, 
a change in brain size in the same animal. Growth of body unac- 
companied by equivalent brain growth was seen in the dinosaurs 
Stegosaurus and Brontosaurus, 

Aside from its mere increase in size, the human brain (see Fig. 
249) is also of the highest vertebrate type, the huge cerebrum 
entirely covering the cerebellum, so that the latter is invisible from 
above. Greater area of the external cortex, the so-called ^^gray 
matter’^ which is the real seat of intellect, is obtained by a deepen- 
ing and further complication of the depressions between the 
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convolutions. And the great development of the frontal lobes, par- 
ticularly, gives ample opportunity for the expansion of the higher 
intellectual faculties. In its subtle fineness of detail, in its ability 
to record and often to reproduce an almost infinite number of men- 
tal perceptions, and in all those other resident faculties which to- 
gether make up the higher intellectual characteristics of humanity, 
the human brain stands preeminent as the most complex structure 
evolution has produced. But a comparison with the brain of an 
orang shows the self-same fundamental characteristics; the pro- 
portions differ, but in a broad way the shapes are similar and the 
major convolutions are alike, in other words, the two brains differ 
not in kind but in degree, and that of man is physically merely a 
relatively larger and more refined example of the same fundamental 
type. With regard to mental retrogression in the apes Beebe says: 

Young orang-utans in their ‘talk^ as well as in their actions, are 
the counterparts of human infants. The scream of frantic rage 
when a banana is offered and jerked away, the wheedling tone 
when the animal wishes to be comforted on account of pain or 
bruise, and the sound of perfect contentment and happiness when 
petted by the keeper whom it learns to love, — all are almost in- 
distinguishable from like utterances of a human child. But how 
pitiless is the inevitable change of the next few years! . . . Slowly 
but surely the ape loses all affection for those who take care of it. 
More and more morose and sullen it becomes until it reaches a stage 
of unchangeable ferocity and must be doomed to close confinement 
never again to be handled or caressed. Mr. Beebe adds to this 
observation in a letter as follows: ^^I find that while sexual matu- 
rity is attained at about six years, the females seem little affected 
and remain gentle and affectionate. The males, however, begin at 
about five years to become morose and sullen. This applies both 
to chimpanzees and orangs. These statements apply only to 
several animals which have attained their sexual majority in the 
[New York Zoological] Park and even among them there is great 
variation.^^ 

The final human characteristic which lifts man high above his 
fellow creatures is articulate speech^ the means whereby communica- 
tion, especially of higher abstract thoughts, is made primarily 
possible; for the development of a mature written language is 
clearly the outgrowth of antecedent speech. This human faculty has 
had great influence in the development of the higher mental traits. 



662 ORGANIC EVOLUTION 

Thus it will be seen that comparative anatomy shows very em* 
phatically our fundamental resemblances to the other anthropoids 
and that if we would look for differences we must compare details 
of structure and development rather than distinctions of a larger 
sort. As Huxley truly said: ^‘The structural differences between 
man and the man-like apes certainly justify our regarding him as 
constituting a family apart from them; though, inasmuch as he 
differs less from them than they do from other families of the same 
order there can be no justification for placing him in a distinct or- 
der. . . . Perhaps no order of mammals presents us with so ex- 
traordinary a series of gradations as this — leading us insensibly 
from the crown and summit of animal creation down to creatures, 
from which there is but a step, as it seems, to the lowest, smallest, 
and least intelligent of the placental Mammalia. It is as if nature 
herself had foreseen the arrogance of man, and with Roman sever- 
ity had provided that his intellect, by its very triumphs, should call 
into prominence the slaves, admonishing the conqueror that he is 
but dust.^^ 

Vestigial Organs. — Drummond mentions no fewer than seventy 
such relics which he most appropriately calls the scaffolding left 
in the body, relics of old-time conditions and needs for which the 
modern human economy has no further use. They are veritable 
historical documents enclosed within the limits of each human 
frame during part or the whole of its existence and may be viewed 
in no other light. Certain of these features disappear with growth 
and maturity, others persist during the lifetime of their possessor. 

One of these persistent vestigial features is the direction of hair 
on the body. That upon the arms, for instance, slopes from shoul- 
der to elbow and from the wrist upward and outward in such a way 
that, were the hands clasped above the head with the elbows point- 
ing downward, a posture said to be assumed by the orang, the hair 
thus arranged sheds the falling rain (see Plate XXVIII). In all 
anthropoids except the gibbon the same direction of hair prevails as 
with mankind, hence the conclusion of a bygone community of 
habit between man and these apes is irresistible. Then, too, the 
absence of hair on the terminal segments of the digits, its scarcity 
on the second, and greater abundance on the first are true of the 
anthropoids as well as of man. 

The vermiform appendix (Fig. 250) has been mentioned as a diag- 
nostic characteristic of the family Hominidae and also of the Si- 
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miidse. In man it is not only apparently useless but is sometimes 
a veritable deathtrap. With herbivorous mammals, on the other 
hand, its homologue, the csecum, is large and of high digestive 
value. Even in man the appendix has the same structure as the 
large intestine — peritoneum, muscular coat, and mucous layer. In 
the embryo it has the same caliber as the rest of the bowel but 
soon ceases to grow and may actually be as long in the new-born 
babe as in the adult. 

The Darwinian point to the ear is a little conical projection from 
the rolled or unrolled margin of the ear, more frequent in the male 
than in the female, as are all atavistic features. This is in man a 




Fig. 250. — Caecum of (A) kangaroo and vermiform appendix of (B) human 
embryo. (After Wiedersheirn, from Jordan and Kellogg’s Evolution and Animal 
Life, D. Appleton and Co.) 

relic of the pointed ear found in the human embryo and in lower 
mammals and is, as Darwin says, a ^‘surviving symbol of the 
stirring times and dangerous days of his animal youth. 

Thin bands of mnscle, formerly of value in moving the shell of 
the ear to aid in the appreciation of sound, are still present but 
usually functionless, as are also the present but involuntary hair- 
erecting muscles of the scalp. Most of the dermal muscles, in fact, 
so well developed in lower animals for twitching the skin, are 
retained in the human face only where they are used for the expres- 
sion of the emotions. Doubtless their retention is in part of de- 
fensive significance as they may well have been used to strike terror 
into the breast of an opponent. In addition to this, they also 
aided in the expression of the emotions, as of pleasure or pain, and 
together with the voice formed the first elemental speech. 
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A further vestige is the plica semilunaris, a crescentic fold of 
membrane in the inner corner of the eye which represents the very 
efficient third eyelid or nictitating membrane of the eyes of many 
mammals and of birds. In man it is relatively larger before than 
after bir^h. The pineal body of the brain is connected in reptiles, 
notably Sphenodon, with a third eye, really the first primordial 
vertebrate eye. In man this is present as a vestige deep hidden 
beneath the mass of the cerebrum. 

In other mammals that portion of the upper jaw which bears the 
incisor teeth is separated off b}^ a suture, and is known as the 
premxixillary bone. In man and the chimpanzee this suture is nor- 
mally obsolete, yet the poet Goethe predicted that some day the 
separate premaxillary would be found in man, and so it has been. 
Moreover, the frontal bone, single in man, paired in the dog, is 
paired in an Abyssinian skull in the Yale collection. 

Ontogenetic Evidences 

Ontogenetic Vestiges. — Embryology teaches us much of the 
past life of any race and this is just as true of humanity as of any 
other created being; for the unfolding of the miniature man shows 
precisely the same one-celled condition of the ages-remote proto- 
zoan ancestry; the same cleavage stages, morula, blastula, and 
gastrula, as any other metazoan; the gradual assumption of 
chordate characteristics, of notochord, of hollow nervous system, 
of gill-clefts; the budding of limbs, at first as ill formed as those of 
the earliest slime-borne amphibian emergent from the old limiting 
aquatic environment; the perfected limbs and well-developed tail 
of an ancient placental mammal, and the ultimate loss of this and 
other embryonic structures, until a man is born into the world. 
Thus these wonderful changes, wrought in the dark, reproduce, as 
in a pageant, the historic changes brought about by the evolution- 
ary process during the long night of the geologic past. 

Certain of the ontogenetic features may be more specifically 
mentioned, such as the gill-clefts, of which there are four in the 
embryo. Occasionally certain of these communicate with the 
throat so that openings remain on the sides of the neck through 
which fluids taken in at the mouth can trickle, or white patches 
on the skin betray their former position. The first gill-cleft, the so- 
called spiracle of the fish, normally persists and forms the eusta- 
chian tube connecting the middle ear with the throat for the pur- 
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pose of equalizing the air-pressure on either side of the drum. The 
auricle in fact is developed from this first gill-cleft and the hearing 
organ may be subsequently repeated down the neck. As Drum- 
mond says: ^^In some human families, where the tendency to 
retain these special structures is strong, one member sometimes 
illustrates the abnormality by possessing the clefts alone, another 
has a cervical ear, while a third has both a cleft and a neck-ear — 
all of these, of course, in addition to the ordinary ears.^’ 

The tail is indicated in the human skeleton by the four or five 
bones at the lower terminus of the spine, coalesced in the adult 
into the coccygeal 
bone which is con- 
cealed beneath the 
flesh; but in the em- 
bryo not only is it 
present but is free, 
movable, and has mus- 
cles for wagging it ! 

These are usually re- 
duced later to mere 
ligaments but may 
permanently retain 
their muscular charac- 
ter. The external tail 
may also persist. 

The lanugOy or cloth- 
ing of dark hair which showing atavistic development of hair. 

” (After Wiedersheim.) 

covers the entire body 

except the palms and soles at the sixth month of prenatal life, 
usually disappears before birth, but in rare circumstances may 
persist and give a permanently hairy aspect to both face and body. 
This foetal hair is also found in other hairless mammals such as 
the elephants and whales, and can have but the one historical 
significance, harking back to the day when hair was a racial 
necessity and not a superfluity as it is to-day in all three groups. 

The awful grasp of a baby,'^ as one has put it, is also signifi- 
cant, for the power of grip, notably great during the first few weeks 
of its life when it needs the most constant care, sensibly weakens 
later as experiments have shown. These consisted in the suspend- 
ing from a stick or from the finger by the power of their hands alone 



Fig. 252. — Russian dog-man, Adrian Jeftich- 
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some sixty infants which were under a month old, and in at least 
half of these the experiment was tried within an hour of birth. 

In every instance, with only two exceptions, the child was able 
to hang on to the finger or a small stick, three-quarters of an inch 
in diameter, by its hands . . . and sustain the whole weight of its 
body for at least ten seconds. In twelve cases, in infants under an 
hour old, half a minute passed before the grip relaxed, and in three 
or four nearly a minute. When about four days old . . . the 
strength had increased, and nearly all when tried at this age could 
sustain their weight for half a minute. 
About a fortnight or three weeks after 
birth the faculty appeared to have at- 
tained its maximum, for several at this 
period succeeded in hanging for over a 
minute and a half, two for just over two 
minutes, and one infant of three weeks 
old for two minutes thirty-five seconds. 
Invariably the thighs are bent nearly at 
right angles to the body, and in no case 
did the lower limbs hang down and take 
the attitude of the erect position. Further- 
more, the child shows no sign of distress 
and no cry is uttered until the grasp be- 
gins to give way^^ (Drummond). 

This is of course one of the many in- 
stances, mainly structural, however, which 
point to the old-time arboreal life, not 
perhaps that the infant of that day clung 
directly to the tree but that the mother 
did and had to have her hands free for brachiation, hence it was 
necessary for the infant to cling to her. 

Another phenomenon which has received a similar interpreta- 
tion — that of arboreal life — is the occasional dreams one has of 



Fig. 253. — Human babe, 
three weeks old, support- 
ing its own weight for over 
two minutes. Attitude of 
lower limbs and feet more 
simian than human. (From 
Romanes’ Darwin and after 
Darwin. Copyright, Open 
Court Publishing Co.) 


falling through space with the violent instinctive effort often 
undergone to prevent disastrous consequences. And the strange 
thing about it is that in the dream the fall never ends fatally, 
for that is an experience which could not be transmitted to off- 
spring, for such would not exist, while that of the fall could. Jack 
London in his book Before Adam makes much of this. Roosevelt 
says of nightmares, although without necessarily implying an his- 
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torical interpretation to them: ‘^Civilized man now usually passes 
his life under conditions which eliminate the intensity of terror 
felt by his ancestors when death by violence was their normal end 
and threatened them during every hour of the day and night. It is 
only in nightmares that the average dweller in civilized countries 
undergoes the hideous horror which was the regular and frequent 
portion of his ages-vanished forefathers, and is still an every-day 
incident in the lives of most wild creatures (Scribner^ s Magazine, 
May, 1910). But perhaps too much emphasis has been placed upon 
dreams. 

These examples out of many — ^Wiedersheim says 180 — are suffi- 
cient to show that the human body cannot be considered as a per- 
fect final work of creation but rather the ultimate product of eons 
of evolutionary change, resulting in a very imperfect being from the 
physical point of view — a veritable museum of antiquities! 
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CHAPTER XL 


THE EVOLUTION OF MAN: PALEONTOLOGY 

Paleontological Evidence of Human Evolution 

Our evidences for human evolution thus far discussed are such 
as were derived from the existing; we have now to trace, in so far 
as we may, the actual evolutionary history of the primates and of 
man as derived largely from paleontological records. 

Origin of Primates 

Stock. — There is but little doubt that two important orders of 
modern mammals, the Carnivora and the Primates, had a com- 
mon origin, diverging mainly along lines determined by a dietary 
contrast, as the former have become more strictly flesh-eating or 
predaceous, the latter largely vegetarian and more completely 
arboreal. Back of each group lie as annectant forms the Insecti- 
vora, not perhaps such as are alive to-day, as all these are special- 
ized along diverse lines, but generalized insectivores possessing, 
because of their primitiveness, a wider range of potential adapta- 
tion. Matthew is disposed to think of these, our distant ancestors, 
at the dawn of the Tertiary, as a sort of hybrid between a lemur 
and a mongoose, rather catholic in their tastes, living among 
and partly in the trees, with sharp nose, bright eyes and a shrewd 
little brain behind them, looking out, if you will, from a perch 
among the branches, upon a world that was to be singularly kind 
to them and their descendants.^' Thus we can define the stock 
as a relatively large-brained arboreal insectivore, comparable to 
the existing tree-shrews {Ptilocercus) of the Oriental realm, of 
primitive but adaptable dentition, and especially of progressive 
mentality. 

Time. — The time of primate origin must have been not later 
than Paleocene, as primates, clearly definable as such, are found 
in the Lower Eocene rocks of both Europe and North America. 

Place. — The simultaneous appearance of the primates in the Old 
World and the New gives rise to the same conclusions as to their 
place of origin and their migrations thence as with other modern- 

670 



THE EVOLUTION OF MAN 


671 


ized mammals (see page 516). It suffices now to say that their 
ancestral home was Holarctica, probably within the limits of 
the present continent of Asia, whence they migrated southward 
along the three great continental radii (see map, Fig. 254). The 
impelling cause of this migration was the increasing northern cold, 
before which the northern limitations of the tropical forests re- 
treated, carrying with them the primates which, in general, al- 
though with noted exceptions, are dependent upon such an em 
vironment for their sustenance. 



Fig. 254. — Map of primate distribution and probable migratory routes. 
(After Matthew. Courtesy of the Yale University Press.) 


Geologic Record. — Primates are found in the North American 
sediments from Paleocene to late Eocene time, when they became 
extinct. Thus, while their remains constitute a relatively large 
percentage of the total fauna of the Eocene, primates are utterly 
unknown on this continent from that time until the coming of man. 
In Europe the record is similar except that the extinction occurred 
at a somewhat later date, the Oligocene. Furthermore, they re- 
appear in Europe in the Lower Miocene, their second European 
extinction being in the Upper Pliocene shortly before the first 
appearance of mankind. 
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But in southern Asia, Africa, and South America the evolution 
of primates seems to have been continuous since the first great 
southward migration. The evidence, however, is not so much the 
historical documents as the presence of primates in those places at 
the present time; the fossil record is not entirely lacking although 
highly incomplete. The South American monkeys may have had 
their origin in the ancient North American primates, or more 
doubtfully, the stock may have come by way of Africa. 

Origin of Man 

Summary of Primate Evolution. — The paleontological record, 
after the most critical study checked by comparative anatomy and 
other related sciences, appears as follows: ^‘In Palseoccne time, 
some sixty million years ago, there lived arboreal insectivores, 
relatives of the existing tree shrews, while in Eocene time are 
found the ancient relatives of lernuroids and tarsioids. The Lower 
Oligocene rocks of Egypt have given us two jaws of supreme im- 
portance, one, ParapithecuSy being annectant in character between 
the tarsioids and anthropoids, the other, Propliopithecus, rep- 
resenting a form leading to the gibbons and perhaps to the higher 
apes and man. From India and Europe in rocks of Miocene and 
Pliocene age comes DryopithecuSj of which several species are 
known from fragmentary jaws and teeth and a single humerus. 
These appear to be closely related both to the existing great apes 
and man and probably represent the common ancestral stage 
(Gregory). While DryopUheciis is very incompletely known, never- 
theless we are fairly safe in assuming that it was a big-brained, 
arboreal, brachiating primate, and that it links the ancestry of 
man most closely with the chimpanzee-gorilla group, in spite of 
wide differences of habits and adaptation of the present-day 
descendants. 

Place. — Evidences point to central Asia as the place of the de- 
scent from the trees of the human precursor, the reasons for this 
belief being several. First, it was central for migrations elsewhere; 
Europe, on the other hand, where much of the most conclusive 
and perfect evidence for fossil man is found, is too small an area 
for the divergent evolution of the several human species. Second, 
Asia is contiguous to the oldest known human remains, which 
were found in Java and in China. Third, it was the seat of the 
oldest civilizations, not only of the existing nations which, like 
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the Chinese, trace their recorded history back to a hoary antiquity, 
but of nations which preceded them by thousands of years, and 
whose records have not yet come to light. This antiquity vastly 
exceeds that of the nations of Europe or of the Americas or of 
Africa. Fourth, central Asia is the source of almost all of our 
domestic animals, many of which have been subjected to human 
will and control for thousands of years, and this is equally true of 
many of our domestic plants. This is not due to the fact that man 
first reached civilization in Asia, but rather that he chose for his 
companions the highest and best of their several evolutionary 
lines, and Asia was the place of all others upon earth where the 
evolution in general of organic life reached its highest development 
in late Cenozoic time. Fifth, climatic conditions in Asia in the 
Miocene or early Pliocene were such as to compel the descent of 
the prehuman ancestor from the trees, a step which was absolutely 
essential to further human development. 

Impelling Cause. — We look for a geologic cause back of this 
most momentous crisis in the evolution of humanity, and we find 
it in continental elevation and consequent increasing aridity of 
climate, especially to the northward of the Himalayas. With this 
increased aridity and tempering of tropical heat came the dwin- 
dling of the forested areas suitable to primate occupancy. Barrell 
has suggested that this diminution left residual forests comparable 
to the diminishing lakes and ponds of the Devonian, which upon 
final desiccation compelled their denizens to become terrestrial 
or perish. The dwindling of the residual forests would have an 
effect upon the tree-dwellers which may be expressed in precisely 
the same words. Once upon the ground the effect upon even a 
conservative type — and the primates in general, where constant 
conditions prevail, are slow of change — would be the rapid acquisi- 
tion of such adaptations as were necessary to insure survival under 
the new conditions, for mankind is progressive, with a prolonged 
childhood and retarded maturity of the skull, hence a greater 
brain and increasing ability to change from the forests to open 
country and severer conditions. The great apes, on the other 
hand, are conservative, with early growth and maturity and with 
inability to change with changing conditions, hence they migrated 
along their own kind of environment to their present distribution 
where tropical forests continue to be available and as a consequence 
retained their arboreal life and with it a stagnation of progress. 
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The result has been, at any rate on the part of the three larger 
apes, a partial degeneracy from the estate of their common an- 
cestry with mankind; the gibbons seem to have deteriorated less, 
while terrestrial man has risen to the summit of primate evolution. 

Time. — The time of the descent cannot have been later than 
early Pliocene and was probably not earlier than Miocene time; 
when the terrestrial ape-man became what we would call human 
was perhaps later, but certainly during the Pliocene, which makes 
the age of man as such measurable in terms of hundreds of thou- 
sands of years! 

Significance of the Descent from Trees.— As a result of the 
descent from the trees, certain definite factors were called into 
play, each of which had its effect on the further evolution. Briefly 
enumerated, these are: (1) assumption of erect progression; (2) 
liberation of the hands from their ancient locomotor function to 
become organs of the mind; (3) loss of the easily obtainable food 
of the tropical forests, necessitating the search for sustenance, 
both plant and animal, and man became a hunter; (4) need of 
clothing with increasing inclemency of the weather, especially 
during the long winters; (5) freedom from climatic restrictions — 
when an omnivorous diet and clothing and the use of fire were 
acquired man was no longer limited to one definite habitat and the 
result was dispersal; (6) the development of communal life, 
rendered possible by the terrestrial habitat. Primates are at best 
gregarious, submitting, as in the gorilla, to the leadership of the 
strongest male, but it is only by communal life with its attendant 
division of labor that man can rise above the level of utter savagery. 

Evolutionary Changes. — Human evolutionary changes which 
are recorded are: 

More erect posture 
Shorter arms 

Perfection of thumb opposability 
Reduction of muzzle and of size of teeth 
Loss of jaw power 
Development of chin prominence 
Increase in skull capacity 
Diminution of brow-ridges 

Diminution in strength of zygomatic or temporal arch 
Increase in size and complexity of brain, especially frontal lobes 
Development of articulate speech 
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Fossil Man 

Fossil remains of man are found under two conditions, in river 
valley deposits and in limestone caverns which served first as a 
dwelling-place and later as a sepulcher. Of these the caverns have 
been by far the most productive, but they contain only the re- 
mains of the later races, as the caverns probably did not be- 
come available for human occupancy before middle Pleistocene 
time, the Peking locality being an exception. 

The rarity of human fossils may be explained, first, by the 
various burial customs, which seldom are sufficiently perfect to 
preclude the possibility of alternate wetting and drying or of 
rapid oxidation, both prohibitive of fossilization. If man lived and 
died in the forests, the chances for his fossilization, in common with 
other forest creatures, were very remote, for the remains of such 
are almost invariably destroyed by other animals, by dampness, 
or by fungi, and rarely attain a natural burifd in sediment. If, on 
the other hand, he dwelt in the open, the chances of so shrewd a 
creature being caught in the flood waters and thus buried in sedi- 
ment were not very great. However we account for it, the fact 
remains that relics of ancient man are rare and are valued ac- 
cordingly. 

In North America. — Repeated instances of seemingly ancient 
man have been brought to light in North America, such as the 
Calaveras skulP’ of the California gold-bearing gravels, which 
was satirized by Bret Harte; the Nebraska ‘‘Loess man’^; and 
those of the Trenton gravels: none of which, with the possible 
exception of the last mentioned, has proved to be really old in 
the geologic sense. Indirect evidence of human antiquity, that is, 
the association of North American man with animals which are 
now extinct, while very rare has been reported in at least two or 
three highly authentic instances. The first of these at Attica, New 
York, was attested by Doctor John M. Clarke, then New York 
state geologist. Four feet below the surface of the ground, in a 
black muck, he found the bones of the mastodon (Mastodon 
americanus) , and 12 inches below this, in undisturbed clay, pieces 
of pottery and thirty fragments of charcoal. The charcoal may 
have been of natural origin, but the presence of the pottery seems 
conclusive. The other instance was that of the remains of a herd 
of extinct bison (Bison antiquus) found near Smoky Hill River, 



676 


ORGANIC EVOLUTION 


Logan County, Kansas, and thus described by Professor Williston: 
An ^'arrowhead was found underneath the right scapula of the 
largest skeleton, eiiibedded in the matrix, but touching the bone 
itself. The skeleton was lying upon the right side. . . . The bone 
bed when cleared off . . . contained the skeletons of five or six 
adult animals, and two or three younger ones, together with a 
foetal skeleton within the pelvis of one of the adult skeletons. The 
animals had evidently all perished together, during the winter. 
There was no possibility of the accidental intrusion of the arrow- 
head in the place where found. ... It must have been within 
the body of the animal at the time of death, or have been lying 
on the surface beneath its body.^^ 

Further instances of the same association — arrow or lance 
points and bison remains — are reported from a point near the 
southeastern end of the Staked Plains of Texas. The artifacts 
are of beautiful workmanship, and of them the following emphatic 
statement is made: ^^They are certainly and positively contem- 
poraneous with that fossil bison and the associated fauna of mam- 
moths, camels, and extinct horses — of a type found elsewhere in 
beds of known Pleistocene age^^ (Cook, 1925). 

What is claimed to be another genuine case of such an associa- 
tion, this time of the actual human bones, has been reported from 
Florida. This find, which has been described by Sellards, was made 
at Vero, eastern Florida, in 1913. The fossil human bones are from 
two incomplete skeletons and are found in strata which also con- 
tain remains of the following extinct species: Elephas jeffersonij 
Equus leidyij a fox, a deer, the ground sloth Megalonyx jejfersoni, 
and the American mastodon. 

In South America. — A number of finds have been recorded from 
South America, notably by the late Florentine Ameghino of 
Buenos Aires, who contributed so largely to our knowledge of 
South American prehistoric life. An expert from Washington, 
Doctor Ales Hrdlicka, has, however, studied with the utmost care 
the locality and character of each of these finds in the western 
world, and has expressed the opinion that none is of an antiquity 
greater than that of the pre-Columbian Indians. 

Further evidence along the same line lies in the uniformity of 
type, except for minor distinctions, of all native American peoples. 
There is no such racial differentiation as that seen in the Old World, 
and the argument is that there has not been time for such a deploy- 
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ment. The area and conditions as an adaptive radiation center 
are surely ample. 

In Africa. — The only African relics thus far reported are of 
prehistoric cultures, comparable to those of southern Europe, 
in certain caverns of the Barbary States. There has also been 
reported from Oldoway ravine, in what was formerly German East 
Africa, a human skeleton of undoubted antiquity. It is described, 
however, as being neither a very early nor a primitive type. A very 
remarkable African type came to light in 1921 at Broken Hill Mine 
in Northern Rhodesia, where, at the extreme depth of a natural 
tunnel 120 feet long, portions of two individuals were found, one 
being the skull of Homo rhodesiensis (page 684). The age of these 
interesting relics is doubtful, but they are evidently Pleistocene. 

In Asia. — Asia has given us in Pithecanthropris one of the old- 
est known relics of the Hominidse, found at Trinil in the island 
of Java. The expeditions of the American Museum to Mongolia, 
under Dr. Andrews, have thus far found no fossil men; but they 
have found an abundance of artifacts of apparent Mousterian 
age (see page 678), and hence these so-called Dune Dwellers may 
have belonged to the Neanderthal species. Actual skulls of Ne- 
anderthal man were found, however, in caves near Tiberias on 
the Sea of Galilee. Both of these occurrences point to a far wider 
distribution of this type than was formerly known. Peking man. 
Sinanthropus pekingensis, a very primitive type, to judge from 
two isolated teeth, was discovered at Chow Kow Tien in 1921, 
and further exploration in 1928 has revealed jaws and skulls at 
this locality. 

In Europe. — It is in Europe, however, that the tale of human 
prehistory is the most complete, not only through the happy acci- 
dent of preserval, but because it has been much more thoroughly 
explored than has the Asiatic evolutionary center. Nevertheless, 
the latter holds the greatest hopes for future exploration since, as 
we have emphasized, Europe is too small to be an adaptive radi- 
ation center and European prehistoric men represent waves of 
migration from the greater continent. 

The European record, however, has enabled us to name and 
define a number of distinct human species and here the record of 
the cultural evolution of man is also unusually complete. Hence 
European chronology is taken as a standard in describing dis- 
coveries from any portion of the world. 
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CULTURE CHRONOLOGY 


Modified from MacCurdy 



IcK Age 
Chronology 

Cultural Chronology | 

1 

Human Species 



Iron Age 



§ 


Bronze Age 





4 Post- 
Glacial 

Neolithic 
Mesolithic | 

Campignian 

' Maglemosean 
Azilian-Tar- 
denoisian 

' 

‘ Homo sapiens 


IV Glacial 
(Wiirm) 

Upper 

( Magdalenian 
Sohitrean 
[ Aurignacian 


Cro-Magnon Man 


i 3 Interglacial 
(Riss- Wiirm) 


' Mousterian 


> Homo neanderthalensis 

QUATERNARY 

Pleistocene 

III Glacial 
(Riss) 

2 Interglacial 
(Mindel-Riss) 

Paleolithic 

Lower 

Acheulian 


Homo heidelhergensis 
Eoanthropus 


II Glacial 
(Mindel) 


Chellean 

Sinanihro'pus 


1 Interglacial 
(Glinz-Mindel) 


^ Pre-Chellean 

Pithecanthropus 


1 Glacial 
(Giinz) 




TERTIARY 

Pliocene 


Eoliihic 

Foxhallian 
Ipswichian 
Cantalian (?) 



Pithecanthropus. — ^The Java ape-man, Pithecanthropus erectus 
(Fig. 255, and PI. XXXI,A), was first discovered in Trinil, and 
elsewhere in central Java, in 1891. The type consists of a cal- 
varium or skull cap, a left thigh bone, and two upper molar teeth. 
The skull, which has beetling brows or tori, appears relatively 
long and narrow, a characteristic of most prehistoric crania 
(except some of the latest), in contrast with those of the apes. 
In profile the calvarium is extremely low, the highest point 
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being at mid-length, while the rear part is heavy, implying a lack 
of that delicate balance characteristic of an entirely erect posture. 
This seems at variance with the evidence offered by the straight 
thigh bone, which caused the discoverer. Dr. Dubois, to give the 
specific name P. erectus to the form. But heavy neck muscles are 
indicated, which are correlated with a thrust-forward muzzle 
and generally bestial appearance. The cranium has been cleared 
of its contained matrix and a cast of the interior taken which 
shows the general form and proportions of the brain. While the 
exterior of the skull is like that of a gigantic gibbon, the brain was 
essentially human, but with a number of very primitive features. 
Two or three of these are in the 
areas which are the last to de- 
velop in the brain of a modern 
child, which throws an interesting 

side light on the stage of evolu- <> L. ^ 1 

tion of the Pz7/i6Y;an^/iropus brain. 3^/ 

The cranial capacity has been / I 

estimated at 940 cubic centime- / I 

ters, compared with 580 for a ^ ~ ^ 1 

very large male gorilla and 1500 
for an average European skull. y 

But size is not the only thing, for 255 .-Restored head of Java 

the undeveloped portions are ape-man {Pithecanthropus erectus), 
equally important, and the Pithe- (After Lull, based upon McGregor.) 
canthropus brain is deficient in the so-called prefrontal and parietal 
areas, the former particularly being the seat of the higher mental 
faculties. Broca^s area, the seat of motor speech, and the auditory 
speech center are sufficiently developed to show that this primitive 
type possessed essentially human articulate speech, however rudi- 
mentary it may have been. The restoration of the face has 
been most carefully done and, while the evidence is far from com- 
plete, in all probability represents an approximation of the actual 
condition. It is based on the calvarium and the teeth and was 
checked by another very fragmentary specimen found twenty- 
four miles away. 

Sir Arthur Keith estimates the height at 5 feet 8 inches, with a 
weight of 11 stone or 154 pounds, close to the average of modern 
man. Thus Pithecanthropus lies much nearer to man than the 
apes but is probably not in the direct line leading to modern man. 
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Peking Man. — Sinanthropus pekingensis is thus characterized: 
cranial walls very thick; tori huge, very low receding forehead, 
low cranial dome. Mandible chinless with massive canine teeth. 
Teeth large with both ape-like and human characters. Skeleton 
unknown, but evidence suggests an erect gait. Smanthropus and 
Pithecanthropus may prove variants of the same human type. 

Heidelberg Man. — Homo heidelbergensis (see Fig. 256), the 
Heidelberg man, represents one of the two oldest recorded Euro- 
pean races, geologically speaking. The typo was discovered in 

1907 in river sands, 79 feet 
below the surface, at Mauer, 
near Heidelberg, South Ger- 
many. The relic consists of a 
perfect lower jaw with the 
dentition (see Fig. 257,C). 
This interesting relic shows a 
curious combination of char- 
acters, for, while the teeth are 
essentially human, the mas- 
sive jaw is ape-like, so much 
so that, were the symphysis 
alone present, it might be 
taken for that of a gorilla-like 
form, while the rear ascending 
portion resembles a gibbon^s, 
except for size. The chin 
slopes away as in the Pilt- 
down man, while the area for 
muscular attachment is extremely powerful. The teeth, relatively 
small for the jaw, form a continuous series, and the canines do not 
rise above the level of the other teeth, both of which are human 
features in contrast with those of the apes. The teeth have short 
divergent roots, a bulging crown, and a relatively large pulp cavity, 
which Keith considers as an adaptation to a peculiar sort of diet. 
He compares the teeth to those of cattle, whose harsh vegetal food 
is obvious, hence he has coined the word taurodont (ox tooth) by 
way of a descriptive term. This is a characteristic, unape-like, found 
nowhere else among men other than in the Neanderthal race, 
to which Heidelberg man is supposed to be ancestral, and there- 
fore seems to debar both from our own direct lineage. 



Fig. 256. — Restored head of Heidel- 
berg man {Homo heidelbergensis), (After 
Lull, based upon McGregor.) 
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Recently other material 
has come to light in the 
Mauer sand pit, some of 
which may pertain to Homo 
heidelbergensis, but detailed 
descriptions are not yet 
available. The material 



seems, however, to bear out 
our conception of the brutal 
appearance of this ancient 
type. 

Associated with the Hei- 
delberg jaw is an extensive 
warm-climate fauna: 
straight-tusked elephant 
{E, antiquus)y Etruscan rhi- 
noceros, primitive horse, 
bison, wild cattle (urus), 
bear, lion, and so on, all of 
which aid in establishing 
the date of the jaw as Sec- 
ond Inter-glacial and its age, 
conservatively estimated, at 
from 300,000 to 375,000 
years. The cultural evolu- 
tion of Heidelberg man is 
indicated by the presence of 
eoliths, flint implements of 
the crudest workmanship, if 
indeed their apparent fash- 
ioning is not merely the 
result of use. 

Neanderthal Man. — The 



specimen of Neanderthal 
type. Homo neanderthal- 
ensis or primigenius (Figs. 


Fig. 257. — Jaws, left outer aspect, of A, 
chimpanzee, Pan, sp.; B, Piltdown man, 
Eoanthropus dawsoni; C, Heidelberg man, 
Homo heidelbergensis; D, modern man, H. 


258, 259, 262, and PI. sapiens; c, canine; ml, first molar. (After 

XXXI, C), was discovered Woodward.) 


in 1856 not far from Diisseldorf in Rhenish Prussia. Here the 


valley of the Diissel forms the deep Neanderthal ravine, whose 
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limestone walls are penetrated by caverns, in one of which the 
remains were found. What was doubtless a perfect skeleton at 
the time of its discovery was so injured by its finders that only 
a portion of it, which was preserved in the Provincial Museum 
at Bonn, was saved. Previous to this, however, in 1848, a skull of 
this race had been found at Gibraltar, but its significance was not 
realized. Recently another skull has been found in Gibraltar. 

The Neanderthal man, a prophet of an unknown race, was for 
a time utterly without honor though of course the subject of a 
most heated controversy, being considered as non-hurnan, or 

as owing its distinctive char- 
acters to disease. The sagacity 
of Huxley threw true light 
upon the problem, though it 
was not until the mute tes- 
timony of other representa- 
tives of the race (the men of 
Spy) was offered that even 
Huxley’s masterful conception 
of the Neanderthal characters 
was taken as an accepted fact. 
Professor Huxley’s description 
of the Neanderthal type is 
classic. He says: 

Fig. 258."~Restored head of Neander- “The anatomical characters 



thal man (Homo neanderthalensis). (After 
Lull, based upon McGregor, and Boule.) 


of the skeletons bear out con- 
clusions which are not flatter- 


ing to the appearance of the owners. They were short of stature 
but powerfully built, with strong curiously curved thigh bones 
the lower ends of which are so fashioned that they must have 
walked with a bend at the knees. Their long depressed skulls had 
very strong brow-ridges; their lower jaws, of brutal depth and 
solidity, sloped away from the teeth downwards and backwards, 
in consequence of the absence of that especially characteristic 
feature of the higher type of man, the chin prominence.” 

Subsequently many more specimens have come to light, at Spy 
in Belgium, at Krapina in Croatia, at Le Moustier, La Chapelle- 
aux-Saints and La Ferrassie in France, and at Mt. Carmel near 
the Sea of Galilee. These, while differing in various details, ef- 
fectually serve to establish the race, whose main characteristics 
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are: heavy, overhanging brows, retreating forehead, long upper 
lip; jaw less powerful than that of Heidelberg man but very thick 
and massive; chin generally strongly receding but in process of 
forming; dentition extraordinarily massive in the La Chapelle 
specimen, whereas in those of Spy the teeth are small. The skull 
in many characteristics is nearer 
to the anthropoids than to mod- 
ern man. 

The brain is large and its 
volume is surely human, but the 
proportions are again less like 
those of recent man than like the 
anthropoids. The chest is large 
and robust, the shoulders broad, 
and the hand large, but the fin- 
gers are relatively short, the 
thumb lacking the range of 
movement seen in modern man. 

The knee was somewhat bent, the 
leg powerful, with a short shin 
and clumsy foot, clearly not of 
cursorial adaptation. The pos- 
ture is usually described as not 
fully erect, but Dr. McGregor 
says that it was slouching rather 
than stooping. The average stat- 
ure was about 5 feet, with a 

range from 4 feet 8 inches to 5 pared with that of a living native Aus- 
feet 3 inches, partly sex differ- tralian; (B), llovio sapiens, the latter 
ences. The body was stocky and ^he lowest existing race. (After Wood- 
powerful with loose^ jointed limbs, 

so that the walk must have been an easy, shuffling gait. This, 
together with the huge head with the face thrust forward to 
accommodate the heavy jaw and the powerful neck muscles, 
gives an unlovely picture of this interesting type. 

The lower jaw is a derivative of that of Heidelberg, although 
lighter and with the rudiment of a chin, and the same taurodont 
specialization of the teeth is indicated. The brain is large but 
relatively simple in organization, especially in the primitive 
frontal lobes and Broca’s area, implying not only limited intellec' 



Fig. 259. — Skeleton of Neanderthal 
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tual capacity but limited thought transmission as well. Culturally, 
Neanderthal man is classed as Mousterian, and the presence of a 
comparable industry in Mongolia (Dune Dwellers) and the Gali- 
lean skulls point to Asiatic distribution if not origin. 

Neanderthal man lived in Europe from the Third Interglacial 
stage through the Fourth Glacial, a duration of thousands of years, 
and then became extinct, from twenty to twenty-five millenniums 
ago. He seems to have been an actual lineal successor of the man 
of Heidelberg, but was throughout his long career an unprogres- 
sive, static race. One of the most remarkable features in con- 
nection with this race, however, was the very reverent way in 

which the dead were buried, with 
an abundance of ornaments and 
finely worked flints. This can 
have but one interpretation, the 
awakening within this ancient 
type of the instinctive belief in 
spiritual immortality! 

Rhodesian Man. — flomo rhode-- 
siensis (see Fig. 260) was discov- 
ered in 1921 at Broken Hill in 
Northern Rhodesia. The remains 
consist of an almost perfect skull, 
lacking the lower jaw, together 
man (Homo rhodesiensis). (After with portions of the limb bones 
Lull, based upon Woodward.) and other skeletal elements. Frag- 

ments of a second individual were also found, sufficient to es- 
tablish the race. Details of the cranium point to a number of 
simian characters, and the skull, in spite of certain specializa- 
tions, is of a relatively low type. In the huge beetling brows, 
the flattened skull top, and other details it shows a strong re- 
semblance to Neanderthal man, an undoubted relative. While 
the face, with its forwardly projecting jaws, is extremely brutal, the 
brain was large, 1300 cubic centimeters, somewhat less than any 
known Neanderthal except possibly the first Gibraltar skull, but 
again deficient in those regions last to be developed in ontogeny. 
There is a lack of harmony between the relative development of 
face and brain, as though Rhodesian man had not yet discarded 
the general utility of the mouth which preceded that of the hands, 
which in turn depends on brain power. 
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The teeth are entirely human, set in a finely arched palate 
and the third molars or wisdom teeth are somewhat smaller than 
are the others, a modern tendency found in but one other recorded 
instance among prehistoric men. There is, however, evidence of 
dental caries or tooth decay, together with other indications of 
disease in the skull, again an undesirable modern attribute, 
extremely rare in prehistory. The posture of this six-foot man 
was thought to be erect, but of this there is some doubt. 

The dating of this interesting type is difficult. The skull is 
impregnated with mineral matter, as are the associated animal 
remains, and Bather thinks that, whatever the age of the latter, 
that of the skull is appreciably older. But the animals are all 
of the present African fauna which, however, has a distinct Pleisto- 
cene facies as compared with that of Asia. Rhodesian man is 
therefore of respectable antiquity, surely Pleistocene, although 
where he should be placed in the European chronology is not 
apparent. 

The human species thus far discussed are all characterized 
by the huge brow ridges or tori, confluent above the nose, and 
by a low, flat forehead, inferred of course in the case of Heidel- 
berg man. With the exception of Pithecanthropus and Sinanthro- 
pus, they all belong apparently to one phylum, the Neanderthalid, 
in spite of the immense time interval between Heidelberg and the 
tnie Neanderthal men. 

Those yet to be discussed, Piltdown and Cro-Magnon men, lack 
the tori, and the forehead is steep. Otherwise they have little 
in common, and as a consequence their relationship is not clear. 

Piltdown Man, Eoanthropus dawsoni (see Fig. 261, PI. XXXI, B). 
— In 1912 was announced the discovery of a very ancient hu- 
man relic from the Thames gravels at Piltdown, Sussex, England. 
When first discovered the skull was in large measure intact but was 
carelessly broken and thrown on the dump, to be painfully retrieved 
later. The single fragment saved by the workman was given to Mr. 
Charles Dawson, who, together with Sir Arthur Smith Woodward 
of the British Museum of Natural History, secured a number of 
additional portions, which were then laboriously reconstructed 
by the latter. As few of the pieces formed actual 4 iipntacts with 
one another, the results of several attempts naturally varied 
slightly, especially as to cranial content, but the general form was' 
clearly established. The parts consisted of parietal, temporal, and 
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a portion of the occipital bones, together with the nasals, a canine 
tooth, and part of the lower jaw containing several molars. It was 
not over the essential form of the skull but over the lower jaw that 
controversy arose, for this bone of contention had so many simian 
features that many felt it could not possibly belong with the skull, 
Gerrit Miller going so far as to pronounce the jaw that of an 
extinct chimpanzee, to which he gave the name Pan veins, and the 
association purely accidental. Later opinion practically agrees 
that, in spite of its lack of harmony with the degree of evolution 
shown by the cranium, the Jaw really may pertain to the same 

individual, and a second yet 
more incomplete individual bears 
out the belief that it is another 
instance of the evolutionary ad- 
vance of cranium over face 
which we have seen in the case 
of Rhodesian man. 

The exterior of the skull, as 
now restored, is in no sense ape- 
like, much less so in fact than 
the far later Neanderthal and 
Rhodesian men. The tori are 
lacking, and the forehead is 
Fig. 261 .— Restored head of Pilt- steep, but the relative breadth 
down man (Eoanthropus dawsoni). of the rear portion and the in- 
(After Lull, based upon McGregor.) 

gradually merge into the crown, do depart toward the ape; in 
modern man the crown is dome-shaped. The face must have 
been unusually large. The cranial walls are enormously thick, 
more so than in any other human skull, which makes the in- 
terior comparatively small, 1350 cubic centimeters, compared 
with 1500 for the average European. Eliot Smith sums up a de- 
scription of the brain as the most primitive and ape-like human 
brain hitherto discovered, evidently excluding that of Pithecan- 
thropus. 

The jaw represents the imperfect right half. Enough remains 
to show a vgjy retreating chin, but, while the molar teeth are 
human, the canine is not and must have interlocked with its 
opposite, as do those of the apes. Thus the jaws seem to have 
retained a large share of ^^le general utility which goes with the 
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undeveloped brain. The associated flint implements are extremely 
crude, which is further evidence of the low estate of Eoanthropus. 
Chronologically Piltdown man is not surely dated. He was inter- 
glacial, the associated animal remains indicate that, but whether 
first or second is in question. He cannot be placed within our 
genus, Homo, since his peculiar morphology excludes him; rather 
has he been called Eoanthropus, the dawn man. Eoanthropus may 
also be barred from the direct ancestry of modem man. 

Homo sapiens. — This Linnsean species includes all existing men, 
of whatever race, and some extinct men. They have a number of 
distinctive characters in common, although in varying degree. 
These are, first, the entirely erect posture, with four reversed curves 
in the spine which act as a shock-absorbing device to protect 
the nicely poised skull. The limbs are straight, but the seg- 
mental proportions vary racially and individually. The skull 
also varies in size and relative proportions, such as length to 
breadth. The forehead is generally steep, and the continuous 
brow ridge is absent. Thus there is ample space for the fullest 
mental development. The final distinctive feature is the jutting 
chin prominence, the result of the reduction of the dental arch. 
In the lower existing races, Australian and Negro, the teeth are 
fine and regular and are well spaced; in the higher races, on the 
other hand, they are apt to be crowded and out of alignment, due 
to further progressive reduction of the jaws. 

Cro-Magnon Man. — The original finds of the men of the Cro- 
Magnon race (see Figs. 263, 264, PL XXXI, D), Homo sapiens, were 
made at Gov^er, Wales, and at Aurignac, France. In the latter 
place seventeen skeletons came to light in 1852, hm were buried 
in the village cemetery and thus lost to science, and not until 
1868, when five more skeletons were discovered in a rock shelter 
at Cr6-Magnon, France, was the race established. These individ- 
uals, an old man, two young men, a woman and a child, are thus 
the type Cro-Magnons. This magnificent race is thus character- 
ized: 

Skull large but narrow, with a broad face, hence disharmonic. 
Facial angle equalling the highest type of Homo sapiens. Jaw 
thick and strong, with a narrow but very prominent chin. Fore- 
head high and orbital ridges reduced. Brain not only of high type 
but very large, that of the women exceeding the average male 
brain of today. 
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The stature of the old man was 5 feet 11 inches; the average fo^ 
males being 6 feet 1.5 inches/ for women 5 feet 5 inches, a great 
disparity. The lower segments of the limbs were long, in contrast 
with the Neanderthal type, hence the men of 
Cro-Magnon were swift-footed, while those 
of Neanderthal were slow. Osborn says: 

‘‘ The wide, short face, the extremely prom- 
inent cheekbones, the spread of the palate 
and a tendency of the upper cutting teeth 
and incisors to project forward, and the nar- 
row, pointed chin recall a facial type which 
is best seen to-day in tribes living in Asia to 
the north and to the south of the Himalayas. 
As regards their stature the Cro-Magnon 
race recall the Sikhs living to the south of 
the Himalayas. In the disharmonic propor- 
tions of the face, that is, the combination of 
broad cheekbones and narrow skull, they 
resemble the Eskimo. The sum of the Cro- 
Magnon characters is certainly Asiatic rather 
than African, whereas in the Grimaldis [of 
which specimens have been found in associa- 
tion with Cro-Magnons at the Grotte des En- 
fants, near Mentone] the sum of the char- 
acters is decidedly negroid or African.’^ 

The Cro-Magnons again show by their 
elaborate burial customs how old and well 
founded is the belief in life after death. They 
are undoubtedly the people who left in the 

,, 1 XV 1 caverns of France and Spain the marvellous 

Neanderthal man, i t i • 

Homo neandertJmlensis. examples of upper Paleolithic art so fully 

(After Bovile.) Compare described by Abbe Breuil. They lived for a 

with Fig. 263, which IS contemporaneously with the men of 

drawn to the same scale. 1 -i i 

Neanderthal and may have contributed 

somewhat to the final extinction of the latter. In the course of 

time, however, they too declined, although to this day survivors 

of the race may be seen in Dordogne, at Landes near the Ga* 

ronne in Southern France, and at Lannion in Brittany. 



of 


^ The tallest living races of men are the Highland Scots and the Patagonians 
whose height averages 5 feet 11 inches to 6 feet. 
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The decline of the Cro-Magnons, with 
their artistic culture, “may have been 
partly due to environmental causes and 
the abandonment of their vigorous no- 
madic mode of life, or it may be that they 
had reached the end of a long cycle of 
psychic development. . . . We know as a 
parallel that in the history of many civi- 
lized races a period of great artistic and 
industrial development may be followed 
by a period of stagnation and decline with- 
out any apparent environmental cause.’ ^ 
(Osborn.) 

Europe was repopulated after Cro- 
Magnon decline by later invaders from 
the Asiatic realm, the so-called Mediter- 
ranean narrow-headed and the Alpine 
broad-headed types, etc., probably differ- 
entiated in Asia in early Paleolithic times. 
The rcpopulation took place in the Upper 
Paleolithic. The origin of the Nordic race 
is in doubt. 

Evidences of Human Antiquity 

Great Variation. — These, briefly sum- 
marized, are, first, great variation. If man 
is monophyletic, that is, derived from a 
single prehuman species, there is little 
reason to believe otherwise, he must be 
old, for while the adaptations to ground- 
dwelling after the descent from the trees 
were doubtless relatively rapidly acquired, 
the differentiation into the various races 
due perhaps largely to climatic influences 
rather than to any notable environmental 
change, must have been slowly attained. 
As corroborative evidence we have but 
to point to the mural paintings on 



Fig, 263. — Skeleton of 
man of Cro-Magnon race, 
H. sapiens, from the Grotte 
des Enfants, near Mentone. 
(After Verneau.) 


Egyptian monuments, dating back several thousand years, in 


which are depicted the Ethiopian, Caucasian and others, which 
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are in some instances striking likenesses of the present-day Egyp- 
tians. 

Universal distribution is, in animals, another mark of antiquity; 
in man, it is probably less so because of his greater intelligence. 
And yet before transportation had become a science man’s spread 
over land and sea was extremely slow. 

High intelligence as compared with that of the anthropoids is 
also a mark of antiquity, for the brain, especially the type of brain 
found in the higher human races, must have been very slow of de- 
velopment. Our study of fos- 
sil man shows this. 

Communal life, division of 
labor and all of the compli- 
cated interactions which it 
brings about, and the develop- 
ment of law and religions all 
have taken time. When we 
realize that Babylonian texts, 
twice as remote as the patri- 
arch Abraham, give evidence 
of highly perfect laws and of 
a civilization which must have 
antedated their production by 
centuries, we gain another yet 
more emphatic impression of 
human antiquity. Add to all 
this the paleontological evi- 
dence of man’s association with various genera and numerous suc- 
cessive species of prehistoric animals of which he alone survives, 
and the evidence is complete. 



Fig. 264. — Restored head of Cro-Mag- 
non man {Homo sapiens). (After Lull, 
adapted in part from McGregor.) 


Future of Humanity 

Because of his intelligence, tool using, and communal life man 
is little subject to the laws which govern the adaptation of ani- 
mals to their environment. The law of adaptive radiation, which, 
as we have seen, applies equally well to the insects, reptiles, 
and mammals, fails in its application to mankind; and yet man 
has become as thoroughly adapted to speed, flight, to the fos- 
sorial and aquatic as they ; but his adaptation is artificial and to a 
very small extent affects only his physical frame, while theirs is 
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natural and the stamp of the environment is deeply impressed 
upon the organism. 

Man’s physical evolution has virtually ceased, but in so far as 
any change is being effected, it is largely retrogressive. Such 
changes are: reduction of hair and teeth, and of hand skill; and 
dulling of the senses of sight, smell, and hearing upon which active 
creatures depend so largely for safety. That sort of charity which 
fosters the physically, mentally, and morally feeble, and is thus 
contrary to the law of natural selection, must also in the long run 
have an adverse effect upon the race, unless offset by an enlightened 
eugenics. 

Man is hardly as yet subject to Mai thus’ law, for while he is 
increasing more rapidly than any other mammal, owing largely to 
the care of the young which makes the expectation of life of the 
new-born relatively very high, his migratory ability, but above all 
his intelligence, save him from the application of the law. A single 
new discovery such as that of electricity may increase his food 
supply and other life necessities several fold. His future evolution, 
in so far as it is progressive, will be mental and spiritual rather 
than physical, and as such will be the logical conclusion of the 
marvellous results of organic evolution. 
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EPILOGUE 


THE PUI.se of life 

The stream of life flows so slowly that the imagination fails to 
grasp the immensity of time required for its passage, but like 
many another stream it pulses irregularly as it flows. There are 
times of quickening, the expression points of evolution, which 
are almost invariably coincident with some great geologic change, 
and the correspondence is so exact and so frequent that the laws 
of chance may not be invoked by way of explanation. The geologic 
changes and the pulse of life stand to each other in the relation of 
cause and effect. This statement does not, however, imply the 
acceptance of the Lamarckian factor any more than that of natural 
selection, for whether the influence of a changing environment acts 
directly upon the creatoress body, or indirectly through induced 
habit, or, whether it merely sets a standard to which animals must 
conform if they would survive, matters not; the fundamental prin- 
ciple remains that changing environmental conditions stimulate 
the sluggish evolutionary stream to quickened movement. 

Many of these pulsations have been described in the foregoing 
pages, and in each instance we have attempted to define the phys- 
ical change which served to accelerate the flow of life. And in 
almost every successful attempt we have found the immediate 
influence to be one of climate, either of temperature or moisture 
variation, due sometimes to topographic, at others to general 
atmospheric conditions. Back of these climatic changes lies, as 
one of the great fundamental causes, earth shrinkage, with a 
consequent warping of the crust which produces mountain ranges 
and enlarges the lands. Thus it will be seen that the most mo- 
mentous changes, so far as influence on life is concerned, may have, 
geologically speaking, a very simple basic cause. 

In so far as we can recognize cause and effect, the record of the 
crises of evolution stands as follows: 

For the origin of life itself there is no known geologic cause other 
than the gradually attained fitness of the earth to be the abode of 
organic beings. Nor do we surely know of any geologic event which 
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impelled the lime-secreting habit of animals and plants and thus 
made possible an adequate fossil record of their life. This habit 
was attained, however, by the animals in the Upper Cambrian, 
and much earlier by the water-living algae among plants. 

The origin of vertebrates, another event of high importance, 
occurred much earlier than mid-Ordovician time, for in rocks of 
that period are preserved fossils which indicate that chordate 
evolution was already well along upon its course, as the creatures 
recorded are highly specialized, armored offshoots of a primitive 
stock. 

The main dynamic, and hence anatomic, distinction between 
vertebrates and invertebrates lies in the fact that the former are 
principally active motor types, while the latter, with some strik- 
ing exceptions, such as the predaceous cephalopods, are sluggish 
non-motor organisms many of which are actually sedentary 
in their habits and adaptations. That this evolutionary distinc- 
tion is largely the result of habitat seems evident, the vertebrates 
being a response to dynamic waters, the invertebrates to static. 
The origin of vertebrates, therefore, apparently implies no more 
than quickened rivers and inhabitants of right potentiality; it 
could not, in all probability, have occurred either in the sea or in 
land waters borne upon a fiat topography. Hence we should look 
for a great diastrophic movement or elevation of the lands such as 
would accelerate the flow of terrestrial rivers, for in all probability 
a potent stock, possibly worm-like forms, had peopled the sluggish 
waters for a long period antecedent to the actual change. Several 
such movements are recorded during pre-Cambrian time; but that 
of the interval between the Proterozoic and the Cambrian (see 
Fig. 265), seems to fill the time requirements best of all, as the 
others are immeasurably remote. 

Another event of immense importance to future evolution was 
the emergence of the vertebrates from their limiting aquatic en- 
vironment. That this emergence was by way of the strand from 
sea to land seems hardly probable, for no phylum of animals has 
ever chosen this readily available route. Isolated genera or even 
species which collectively form rare exceptions to the mode of living 
of their allies have traversed this road, but there is not sufficient 
stimulus to produce a notable migration. The vertebrate emer- 
gence was from the rivers to the lands, and the impelling cause the 
increasing aridity consequent upon the Silurian uplift. This re- 
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duced the abundant rivers to sluggish streams and finally to 
residual bodies of water, imperfectly oxygenated, which placed a 
premium on lung-breathing on the part of the contained fishes. 
When the final dwindling of their habitat left them stranded, such 
as could become exclusively air-breathing survived, giving rise to 
the amphibia, but those which could not, perished, except that in 
some remote asylums where a vestige of their habitat persisted, the 
lung-fishes also survived, for their descendants, few as to kinds, are 
still extant. 

With the recurring moisture of the Coal Measures, amphibia 
throve and multiplied, returning to the ancestral waters seasonally 
to bring forth their young, but toward the latter part of the Missis- 
sippian period increasing aridity and reduction of temperature are 
again manifest, making this annual return less readily possible and 
stimulating the evolution of the exclusively air-breathing reptiles. 

In the Permian recurs the same chain of events — continental 
rise, increased aridity, and, this time, glaciation, especially in the 
southern hemisphere. The following Triassic period was likewise a 
time aridity, amelioration of climate coming after its close. 
Reptiles being already established, the climatic conditions stimu- 
lated an event in the evolution of terrestrial animals second in 
importance only to their emergence: the origin of mammals. Arid- 
ity paved the way by developing active types among the reptiles, 
and this was apparently a necessary antecedent to the establish- 
ment of warm blood, through quickened metabolism and raising 
of the body off the ground. Increasing cold then placed a premium 
on ability to maintain this activity beyond the limits of the 
shortening summers, and this could only come about through the 
acquiring of a constantly maintained temperature, in other words, 
of warm blood. Out of one reptilian stock were to rise the warm- 
blooded quadrupedal mammals, and out of another the warm- 
blooded bipedal birds. The former, however, were kept so effec- 
tually in check during the Mesozoic, apparently by the dominant 
reptiles, that their known evolution amounts to comparatively 
little until Eocene time. 

Aridity in the Triassic, necessitating swiftness of motion, may 
have caused the rise of the bipedal dinosaurs, just as aridity and 
bipedality among modern lizards are the result of similar associa- 
tion of cause and effect. 

Climatic oscillation, giving rise to humid conditions during the 
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Jurassic, furnished an amphibious habitat which tempted the 
increasingly large saurischian dinosaurs to forsake their ancient 
dwelling-places and abandon the strenuous life of a carnivore for 
the slothful ease of an amphibious herbivore, and their restriction 
in the early Cretaceous may have been due in part at least to a 
dwindling of their habitat. 

The cause of dinosaurian extinction at the close of the Mesozoic 
is yet unknown, but the fact that it was coeval with the world- 
wide Laramide Revolution, which must have given rise to a far- 
reactiing chain of results, gives evidence that here we have again a 
basic geologic cause. 

It cannot be doubted that the cause or causes of dinosaurian ex- 
tinction were an indirect stimulus to the first great deployment of 
the archaic mammals after their age-long suppression during the 
Mesozoic. 

The archaic mammals in turn met their fate largely through the 
competition induced by the incursion of the modernized orders, and 
this again had for its prime cause the decreasing temperature in the 
north, which drove the modernized hordes from their ancient radia- 
tion centers along the several continental radii to the south. It is 
not without the realm of possibility that the somewhat severer 
and more variable climatic conditions of their northern home 
stimulated the modernized mammals to higher evolutionary at- 
tainment than did the more equable habitat of the archaic forms. 

Increasing aridity during the Oligocene and Miocene, due again 
to continental uplift, gave great impetus to the grasses, which now 
became the dominant flora of the temperate realms. The effect 
of this on mammalian life was far-reaching for it caused the restric- 
tion and extinction of many browsing types and a wonderful 
deployment of the grazing forms — horses, camels, deer, and ante- 
lopes — which are so important a part of the earth^s mammalian 
fauna to-day. 

Finally, we have with the increasing elevation of late Miocene 
and Pliocene time, especially in central Asia, the culmination of the 
evolution of the various races of mammals which man has adopted 
as his fellow- workers — the domestic animals. And not only were 
the wolves and cats, the cattle, buffalo, sheep, and goats, the horses 
and camels, and all the host of the friends of man here finally 
evolved, but man himself, as a response to the same series of geo- 
logic changes by which the others were brought to their final frui- 
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tion. For variation in amount of moisture and increased cold in 
the north land, with the consequent restriction of tropical forests, 
brought the primates south, and still further cold and aridity re- 
duced to residual tree-clad areas the forests within which dwelt 
the pre-human. These areas were finally destroyed, or at any 
rate so changed in their old tropical prodigality that the human 
precursor, as a means of preservation, descended from the trees and 
became man. 

Increasing severity of climate during the periods of glacial ad- 
vance had a profound influence upon primaeval man, necessitating 
clothing and a search for and adaptation to diverse sorts of food. 
Man thus became in a large measure independent of climate and 
this was his first conquest of the forces of nature, a conquest which 
has led to others, so that now he has not only become the dominant 
form of animate creation, but has subjected to his will many of the 
very forces which through long ages have stimulated his evolution. 

Thus time has wrought great changes in earth and sea, and these 
changes, acting directly or through climate, have always found 
somewhere in the unending chain of living beings certain groups 
whose plasticity permitted their adaptation to the newly arising 
conditions. The great heart of nature beats, its throbbing stimu- 
lates the pulse of life, and not until that heart is stilled forever will 
the rhythmic tide of evolution cease to flow. 
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Aucheniaj see Lama, 608, 612 
Auchenia glama, 19 
Auchenia pacos, 19 
Augustine, Saint, 7 
Auks, 61 

Auriculmia larva, 437* 

Australia, 39, 42, 621 
Australia, as adaptive radiation cen- 
ter, 252, 254-257 

Australia, zoogeographical realm rep- 
resented in, 50*, 51 
Australian lung-fishes, 185, 444 
Australian race, 654, 680* 

Aves, see Birds 
Aye aye, 644* 


Babirussa alfurus, 154 
Baboons, 265, 643, 647 
Back-boned animals, see Vertebrata 
Bacon, F., 7 
Bacteria, 31, 351 

Bacteria, absence of, in caves, 339 

Bacteria, of disease, 231 

Bactrites, 398 

Baculites, 398 

Badgers, 520 

Baikal, Lake, 366 

Baker, Frank, 216 

Balxna, 294, 534 

BalsenidaB, 541, 553, 554 

Balaenids, 553 

Balsenoptera muscidus, 294, 302*, 553 
BaUenoptera phy sains, 553 
Babenoptera velifera, 553 
Bal£enopterida>, 541, 553 
Balanoglossiis, 24, 434, 435, 436*, 
437 

Baleen, 259, 301, 540 
Balkash, Lake, 366 
Bandicoots, 255, 279 
Banta, 346, 358 
Baptanodon, 301 
Barnacles, 24, 32, 100, 355 
Barnacles, goose-, 34 
Barnacles, parasitic, 26 
Barnard, 375 
Barramunda, 444* 

Barrel!, Joseph, 71, 439, 448, 452, 
455, 457, 673 

Barriers, faunal, deserts as, 39 
Barriers, faunal, impurity of seawater 
as, 43 

Barriers, faunal, lack of salinity of 
seawater as, 44 

Barriers, faunal, land masses as, 43 
Barriers, faunal, large bodies of water 
as, 41 

Barriers, faunal, vegetation as, 39 
Barriers, to interbreeding, 84 
Barth, 367 

Bartholomew, J. G., 36, 41, 51 
Basilarchia archippus, 211 
Basilosaurus, 542 
Basilosaurus cetoides, 544 
Bateson, W., 89, 107 
Bather, F. A., 685 
Bathymetra abyssicola, 354 
Bathymetric distribution, see Dis^ 
tribution of animals, bathymetric 
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Bats, 26, 47, 101*, 253, 255, 307, 314, 
317, 318, 322, 329, 332*, 333, 340 
Bats, frugivorous, 319, 332* 

Bats, insectivorous, 319, 332* 
Beagle,” 13 

Beak, in scansorial forms, 312 
Bear-animalcules, 177 
Bears, 26, 121, 259, 264, 265*, 519*, 
640 

Bears, polar, 45, 62, 201 
Beaver, 217, 253 

Beddard, F. E., 306, 333, 546, 564 
Beebe, W., 147, 661 
Beecher, C. E., 183, 184, 452 
Bees, 86, 91, 96, 100, 105, 135, 177, 
211, 218, 221-223*, 408, 409, 410, 
421 

Bees, honey-, 223, 405 
Bees, humble-, 124 
Beetles, 211, 408, 409, 421 
Beetles, diving, 414 
Beetles, dung-, 138 
Beetles, first true, 423 
Beetles, ground, 409, 410 
Beetles, leaf-eating, 88 
Beetles, potato, 125 
Beetles, rhinoceros-, 135 
Beetles, snout-, 154 
Beetles, stag-, 135 
Beetles, tiger, 410 
Beetles, water, 415* 

Beetles, weevil-, 154 
Beetles, wingless, 103 
Begonia, 96 
Belernnites, 394, 401* 

Belemnoidea, 394, 399, 400* 

Beluga, 534, 548*, 549 
Beluga, 299 
Belugina), 548 
Benthos, 32 

Benthos, deep-water, 58 
Benthos, sedentary, 32, 34, 91 
Benthos, sedentary, aerial, 33 
Benthos, vagrant, 33, 42, 75 
Beresovka mammoth, Plate V 
Bering Strait, as land bridge, 45 
Berlin Museum, 494 
Bibos froniinalis, 19 
Biogenetic law, 179 
Biology, 11, 15 
Bipedality, 271 
Bipinnaria larva, 437* 

Bird-lice, 243 


Birds, 25, 43, 47, 61, 77, 101*, 102, 
135, 138, 147, 170, 189, 198, 201, 
204, 249, 314, 317, 319, 320, 321, 
333, 463 

Birds, amphibious, 290 

Birds, aquatic, 290 

Birds, bipedal, 271 

Birds, cave, 340 

Birds, Cretaceous, 494 

Birds, cursorial, 262-264, 266, 272 

Birds, desert, 371 

Birds, distinctive characters of, 492 
Birds, flightless, 43, 249, 327 
Birds, flying, 327 
Birds, fossorial, 276 
Birds, frugivorous, 41 
Birds, geologic record of, 494 
Birds, Jurassic, 494 
Birds, land, 47 

Birds, Mesozoic, source of, 326 
Birds, migrations of, 48 
Birds, origin of, 274, 491-496, 695 
Birds, reptilian, 319, 328* 

Birds, reptilian, first, 77 
Birds, rise of, 68 
Birds, scansorial, 304, 311 
Birds, sea, 201 
Birds, Tertiary, 495 
Birgus, 59 
Birgus latro, 439 
Bitterling, 244 
Bisnaga, 364 
Bison, 48, 681 

Bison, extinct, in association with 
man, 675, 676, 681 
Bison americanus, 19, 216 
Bison antiqims, 675 
Bivalves, 23, 59, 187 
Blackfellows, Australian, 639 
Black Sea, as reUc sea, 63 
Blastoidea, 23 
Blastula, 171, 172* 

Blue-fish, 201 
Boars, 135 
Boas, 46, 201 
Bobolinks, 204 

Bodily contour, see Contour, bodily 
Boleophthalmus, 441 
Bombyx mori, 134 
Bone Cabin quarry, 470 
Bones, in aquatic types, 292 
Bones, in volant forms, 320 
Bonn Museum, 682 
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Borhyxna, 628 

Borneo, zoogeographical realm repre- 
sented in, 50*, 51 
Bos indicus, 19 
Bothriolepis, 431 
Bovidae, 19, 607 
Bowfin, 41 
Bowhead, 541, 552 
Brachiation, 307, 649 
Brachiopoda, 23, 32, 44, 184-187, 354 
Brachiosaurus, 465, 466 
Bradypus, 312 
Brain, human, 660* 

Brain, in aquatic types, 291 
Brain, in archaic and modern mam- 
mals, 506* 

Brain, in volant forms, 321 
Brain, in whales, 660 
Branch runners, 306 
Branchiosaurm amhlystomusy 454* 
Branchipus, 149 
Breeding, cross-, 116, 117 
Brent, 114 

Bridge, T. W., 443, 445, 447 
Brine-shrimp, 148 

British Museum of Natural History, 
244, 483, 494, 560, 570, 685 
Brittle-stars, 354 
Broca's area, 679, 683 
Brontosaurus, 171, 186, 191, 303, 465, 
466, 475* 478, 660 
Brontosaurus excelsus, Plate XI 
Broom, R., 274, 499 
Brown, Barnum, 482 
Brown University Museum, 329 
Browning, R., 340 
Brown-tail moth, 126 
Brueil, Abb^, 688 

Brussels Museum of Natural History, 
479 

Bruta, 630 
Bryozoa, 23, 34, 354 
Budgett, 443 

Buenos Aires Museum, 529 
Buffalo, 233, 697 
Buffalo, American, 19, 48, 216 
Buffon, 8, 9, 12, 14, 94, 143 
Buffonian factor, 15 
Bugs, 408, 414, 421 
Bugs, preserved in amber, 377* 
Burbank, Luther, 116 
Burial, a prerequisite for fossilization, 
381 


Butterflies, 141, 197, 202, 204, 205. 

209, 408, 421 
Butterflies, Danaid, 211 
Butterflies, dead-leaf, 210* 
Butterflies, monarch, 211 
Butterflies, Papilios, 211 
Butterflies, viceroy, 211 

Cachalot, see Sperm whale 
Cacti, 362, 363, 364, 372, Plate IV 
Cacti, barrel, 362 
Caddice-flics, 408, 415 
Caddice-flies, preserved in amber, 
377* 

Caddice-worms, 415 
Caecidotea, in caves, 344 
Ciecilians, 25, 42, 182*, 277 
Cienogenesis, 179, 180 
Caenolestes, 641 
Caffre, 521 
Calais, 402 

Calamoichthys, 442, 443, 447 
“Caleveras skull," 675 
Calf, embryo of, 665* 

Callithrix, 639 
Callorhynchus, 355 
Callosamia promethea, 139 
Cambrian period, 69, 70, 74 
Camelidae, 607 
Camelops, 619 

Camelops hesternus, Plate XXV 
Camels, 19, 48, 153, 157, 158, 192, 
200, 265, 267, 274, 362, 368, 371, 
385, 595, 606-620, 634, 697 
Camels, Arabian, 608, 609* 

Camels, Bactrian, 19, 607*, 608, 612, 
619 

Camels, characteristics of, 608 
Camels, cursorial characteristics of, 
608 

Camels, dentition of, 609 
Camels, Eocene, 614 
Camels, evolutionary changes in, 
612, 615* 

Camels, evolutionary home of, 614 
Camels, extinction of, in North Amer- 
ica, 620 

Camels, first possible ancestor of, 614 
Camels, fore foot of, 607* 

Camels, gazelle-, 617* 

Camels, giraffe-, 618* 

Camels, grazing, 619 
Camels, “Heirie," 611 
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Camels, hump of, 610 
Camels, importance of, to mankind, 
611 

Camels, living genera of, 608 
Camels, mentality of, 610 
Camels, Miocene, 616 
Camels, mule, 608 
Camels, Oligocene, 616 
Camels, phylogeny of, 613 
Camels, place of, in nature, 606 
Camels, Pleistocene, 619 
Camels, Pliocene, 619 
Camels, senses of, 610 
Camels, uses of, 611 
Camels, water reservoirs of, 610 
Ca7nelus, 608, 613, 619 
Camelus antiquus, 619 
Camelus hactrianus, 19, 607*, 608 
Camelus dromedarius, 19, 608, 609* 
Camelus sivalensis, 619 
Cameroon, 652 
Carnpodeaj 180 

Camptosaurus, 162, 465, 467, 468*, 
479*, 481, 483* 

Canida^ see Dogs 
Cams, 506* 

Canis aureus, 20, 255 
Canis dingo, 124, 255, 639 
Canis farniliaris, 5 1 9 * 

Canis latrans, 20 
Canis lupus, 20, 258* 

Cape Cod, as barrier, 43 
Capromys, 307 
Capybara, 641 
Carabidae, 410 
(Caracals, 521 

Carboniferous time, 69, 75, 185, 422 
Carboniferous time, climate of, 422 
Carcharodon rnegalodon, 350 
Carcinus moenas, 235* 

Cardinal bird, 204 
Caribou, 48, 135, 266 
Carinatae, 263 

Carnegie Museum, Pittsburgh, 161, 
476 

Camegiea giganlea, 362, Plate IV 
Carnegiea pringleii, 362 
Carnivora, 20, 26, 273, 306, 508, 532, 
628, 639, 640, 655 
Carnivora, cursorial, 263, 266 
Carnivora, fossorial, 277 
Carnivora, introduction of, as cause 
of extinction of lower forms, 193 


Carnivora, origin of, 670 
Carnivora Vera, 516, 517, 518-531 
Carnosauria, 465, 472 
Carp-louse, 243 
Carps, 41 

Cascadian Revolution, 68, 696 
Caspian Sea, as rehc sea, 44, 63 
Cassowaries, 43, 272 
Castle, W. E., 107, 108, 110 
(cataclysm, 5 
Catarrhini, 643, 647, 658 
Catas trophism, theory of, 3, 5, 67 
Caterpillai’s, 199, 202, 208 
Caterpillars, twig-mimicking, 181* 
Catfishes, 41 

Cats, 26, 45, 86, 177, 259, 309, 520- 
531, 628, 640, 697 
Cat^, ancestry of, 525 
Cats, biting, 521 
Cats, biting, di ntition of, 521 
Cats, biting, jaws of, 523 
Cats, biting, skull of, 522*, 523, 524* 
Cats, distribution of, 521 
Cats, domestic, 218, 519* 

Cats, Felina), 525-527 
Cats, fossil, 521-531 
Cats, phylogeny of, 525 
Cats, saber-tooth, 193, 521, 52’7-531, 
638, 641 

Cats, saber-tooth, cause of extinction 
of, 529, 530 

Cats, saber-tooth, dentition of, 521 
Cats, saber-tooth, jaws of, 523 
Cats, saber-tooth, skull of, 519*, 523, 
524* 

Cattle, 26, 89, 122, 218, 696 
Cattle, wild, 681 
Caucasian race, 655 
Cave adaptation, see Adaptation, cave 
Cave amphibia, 341 
Cave animals, modifications in, 141, 
345 

Cave faunas, causes of production of, 
146 

Cave faunas, origin of, 347 
Cave faunas, permanent, 340 
Cave faunas, temporary, 339 
Cave fishes, 138, 343*, 344 
Cave floras, 338 
Cave life, 335-347 

Cave modifications, theories to ac- 
count for, 346 
Cave salamander, 341, 342* 
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Caves, absence of bacteria in, 339 
Caves, air currents in, 338 
Caves, barometric pressure in, 338 
Caves, distribution of, 336 
Caves, division of, 337 
Caves, environmental conditions in, 
337 

Caves, food supply in, 346 
Caves, formation of, in limestone, 
336* 

Caves, geological age of, 336 
Caves, moisture in, 338 
Caves, origin of, 335 
Caves, subterranean, 54 
Cavies, 630, 641 
Cebidffi, 312, 643, 646 
Cebus, 639, 646 

Celebes, zoogeographical realm repre- 
sented in, 51 
Cells, stinging, 22 
Celtic pony, 602 
Cenohita diogenes, 59 
Cenozoic era, 68, 70, 77 
Centipedes, 24, 76, 370 
Central America, zoogeographical 
realm represented in, 49, 50* 
‘^Century plant,” 362 
Cephalochorda, 24 
Cephalopoda, 23, 31, 132, 152, 183, 
186, 355, 387-403, 427, 539 
Cephalopoda, classification of, 394 
Cephalopoda, place of, in nature, 387 
Cephalopoda, rise of, 74 
Cephalopoda, structure of, 387 
Ceratodus, 185, 443, 445, 447 
Ceraiops, 465, 486, 487 
Ceratopsia, 465, 467, 487* 
CeratosaimiSf 465, 466, 473 
Cercopithecidse, 643, 647 
Cerdocyon, 640 
Cervus dicroceruSj 189* 

Cervus elaphus, 607* 

Cervus issiodorensis, 189* 

Cervus matheronis, 189* 

Cervus megcLceros, 152 
Cervus pardinensis, 189* 

Cervus sedgwickiij 189* 

Cestoda, 22 
Cestracion, 185 

Cetacea, 26, 64, 291, 292, 516, 532- 
556 

'^Cetacea carnivora,” 532 
Cetacea herbivora,” 532 


Cetiosauria, 473 
Cetiosaurus, 465, 466 
Cetomimus, 355 
Cetorhynchus, 546 
Cetotheriidse, 541 
Chalicotheres, 632 
^‘Challenger,” 351, 354 
Chamsdleon, 310, 311* 

Chamberlin, T. C., theory of verte- 
brate origin held by, 427, 428 
Chameleons, 196, 306, 310, 312, 461, 

462 

Chameleons, false, 196 
Chamois, 607 
Chaparral cock, 371 
Chapelle-aux-Saints, La, man of, 682 
Characters, acquired, see Modifica- 
tionSy acquired inheritance of, 94, 
105, 143-150 

Characters, indifferent, 136 
Characters, non-heri table, 105 
Characters peculiar to sex, how in- 
herited, 105 

Characters, phylogerontic, 186 
Cheeta, 520, 526 
Chelidon urhica, 329 
Chelone imhricatay 289* 

Chelonia, 25, 289, 458 
Chest, of aquatic tyi)es, 292 
Chevrotains, 135 
Chickens, 198, 205 
Chickens, embryo of, 664* 

Chimxra ajjinisy 355 
Chimsera colliei, 132* 

Chimxra monstrosay 355 
Chimseroids, 132*, 352, 355 
Chimpanzee, facial angle in, 659*, 
660 

Chimpanzees, 35, 163, 648, 651, 686, 
Plate XXIX 

China, zoogeographical realms repre- 
sented in, 49, 50*, 51 
Chinchillas, 630, 641 
ChirornySy 644 

Chiromys madagascariensisy 644* 

ChironecteSy 256 

Chiroptera, 26 

ChirothriXy 325 

Chirothrix lihanicuSy 324* 

Chlamydosaurus, 262, 266, 272, 462, 

463 

Chlorophyly 21 

Chlorophyl-bearing plants, 28 
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Choeropus, 255 
Cholla, 364 

Choloepus, 306*, 307, 312 
Chokepus didactylus, 308* 

Chologaster cornutus, 343 
Chologaster papilliferus, 343* 
Chordata, 24 
Cliromatophores, 196, 391 
Chromosomes, 91 
C hr ondr acanthus, 242*, 243 
Chronology, geologic, 67, 68-69 
Chronology, of fossil man, 678 
Chrysalis stage, in insects, 407 
Chrysochloridae, 256 
Chrysochloris, 256, 278, 279*, 281 
Chrysopelea, 326 
Chubb, S. H., 589 
Cicada septendecim, 176 
Cicadas, 135, 408 
Cicadas, seventeen-year, 176 
CicindelidsD, 410 
Cilia, 21 

Ciliata, see Inf usoria 
Circumcision, 146 
Cirripedia, 236 
Civets, 520 
Cladoselache, 378 
Cladosictis, 629*, 630 
Clams, 23, 243 
Claosaurus, 465 
Clarke, John M., 675 
Classes of animals, 18 
Classification of organisms, 17-34 
Classification of organisms, basis for, 
102 

Classification of organisms, bionoinic, 
17 

Classification of organisms, kinds of, 
17 

Classification of organisms, La- 
marck’s, 11 

Classification of organisms, zoologi- 
cal, 17 

Clidasles, 300* 

Climate, changes in, 70, 71, 72 
Climate, changes in, as cause of ex- 
tinctions, 192 

Climate, effect of, on fresh waters, 
441 

Climate, glacial, 73 
Climate, of Carboniferous, 422 
Climate, of Cretaceous, 73, 258 
Climate, of Devonian, 75, 448 


Climate, of Eocene, 40, 73, 592 
Climate, of Oligocene, 594 
Climate, of Permian, 73, 422 
Climate, of Pleistocene, 73 
Climate, of Silurian, 73 
Climate, of Triassic, 73 
Climbing animals, see Adaptation, 
scansorial 
Cliona, 243 
Clover, four-leaf, 89 
Clupeiformes, 355 
Cobras, 202, 210 
Coccidae, see Insects, scale 
Cockroaches, 408, 409, 416, 422* 

Cod, 119, 216 
Coelenterata, 22 
Ccelurosauria, 465, 466, 469 
Coelurus, 465, 466, 470 
Camophlehia archidona, 210 
Coenopus, 88* 

Cold, as characteristic of abyssal 
realm, 58 

Coleoptera, 408, 412, 416 
Colonial life, in ants, 224 
Colonial life, in bees, 221 
Colonial life, in desert forms, 372 
Colonial life, in termites, 218 
Coloration, 195-207 
Coloration, cause of, 205 
Coloration, value of, 206 
Colors, acquired, inheritance of, 147 
Colors, aggressive, 198 
Colors, alluring, 198 
Colors, biological significance of, 197 
Colors, chemical, 195 
Colors, confusing, 198, 204 
Colors, indifferent, 197 
Colors, local, 199 
Colors, mimetic, 198, 203 
Colors, physical, 196 
Colors, production of, 195 
Colors, protective, 198 
Colors, red, in deep-sea fishes, 128 
Colors, revealing, 202 
Colors, seasonal, 199 
Colors, sexual, 198, 204 
Colors, signal and recognition marks, 
198, 203 

Colors, standard faunal, 200 
Colors, sympathetic, 198 
Colors, valuable, 198 
Colors, warning, 198, 202 
Columha livia, 113, 328* 
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Column, vertebral, 158 
Comb-jellies, 22 
Commensalism, 27, 215 
Communalism, 215, 218-228 
Communalism, in insects, 218 
Communalism, in man, 218, 260, 690 
Competition, 124 
Compromise School, 85 
Compsognathus, 464, 465, 466, 570 
Comstock, 411 

Condylarthra, 508, 510, 557, 632, 634 

Condylura, 280 

Congo, 652 

Conies, 88, 309, 557 

Conifers, 76 

Connecticut valley, 272, 379, 464, 
469, 478, 489 
Continental shelf, 53*, 55 
Contour, body, in aquatic types, 284, 
291 

Contour, body, in cave types, 345 
Contour, body, in cmsorial types, 263 
Contour, body, in fossorial types, 277 
Contour, body, in horses, 584 
Contour, body, in scansorial types, 
307 

Contour, body, in volant types, 316 
Convergences, in cave animals, 346 
Cook, H., 676 
Coots, 297 

Cope, E. D., 71, 144, 155, 156, 511 
Copepods, 553 
Copepods, parasitic, 242 
Coprolites, 380 
Corals, 22, 32, 44, 354 
Corals, chain, 379* 

Corals, polyps of,' 22 
Corals, stocks of, 22 
Correns, 106 

Coryphodon, 506*, 512*, 562 
CorythosauruSf 465, 467, 482, 483* 
Cotylosauria, 460, 463 
Counterpoise in bipedal forms, 372 
Coyotes, 18, 20, 252, 369, 371 
Coypus, 630 
Crab parasite, 234, 235* 

Crabs, 24, 208, 235, 355 
Crabs, hermit, 27* 

Crabs, horseshoe, 24, 404, 430* 

Crabs, land, 59, 439 
‘‘Cradle of evolution, 56 
Crampton, G. C., 419 
Crampton, H. E., 20, 95, 118 


Crangonyx, 344 
Crania f 185 
Craniata, 24 
Crayfish, 176 
Crayfish, cave, 344 
Creation, 4 

Creation, Special, 3, 4, 7, 8 
Creationism, 3 

Creations, successive, repopulation 
by, 3, 6 
Creator, 4 

Creodonta, 257, 310, 508, 509*, 514, 562 
Cretaceous birds, 494 
Cretaceous dinosaurs, 490 
Cretaceous-Eocene cold climate, 73 
Cretaceous period, 68, 70, 77 
Cretaceous period, climate of, 73, 258 
Crickets, 134, 135, 138, 421 
Crickets, cave, 341 
Crickets, mole-, 409, 410*, 411 
Crinoidea, 23, 32, 44, 354 
Crioceras, 398 
Cristatella, 33 

Crocodilia, 25, 42, 61, 158, 461, 463 
Crocodilia, ancient, 458 
Crocodilia, distribution of, 38 
Crocodilia, sea-, 294, 295, 297*, 461 
Cro-Magnon man, 678, 687, 689*, 
690, Plate XXXI 
Cross-breeding, 115, 116 
Crossopterygii, 442, 443, 447-450 
Crustacea, 24, 34, 187, 377, 404, 418, 
440, 539, 552 
Crustacea, parasitic, 242 
Cryptocleidus, 294* 

Cryptolithodes, 208 
Crypto procta, 520 
Cryptopsaras coiiesii, 357* 

Cryptozoic subrealm, 54 
Ctenophora, 22 
Cuckoos, 48, 311 
Curlew-sandpiper, 48 
Cursorial adaptation, see Adaptation^ 
cursorial 

Cuttle-fishes, 387, 401*, 402 
Cuvier, 5, 6, 12, 67, 404, 521, 647 
Cycodeoidea ingens, 378* 

Cycadeoidea superha, 378* 

Cycads, 76, 378, Plate VII 
Cyclostomata, 25, 190, 442 
Cyngelurm, see Adnonyx, 526 
Cynocephalus, 647 
Cynodontia, 498 
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Cyan, 640 
Cypi’us, 145, 193 
Cyrtoceracone, 393, 395 
Cyrtoceras, 184, 396*, 397 
Cyrtodelphis, 547 
Cystoidea, 23 

DactylopteruSf 323 
Daciylopterus volitans, 324* 

Dali, W. IL, 144 
Danais archippus, 211 
Daphsenodon superbus, 618 
Darwin, Charles, 9, 10, 13-15, 56, 62, 
84, 85, 94, 113, 114, 119, 120, 124, 
129, 131, 137, 138, 143, 246 
Darwin, Di’asmus, 9, 10, 12, 16, 143 
Darwinism, 7, 147 
Date palm, 360 
Dawson, C., 685 
Dead Sea, 366 
Dean, Bashford, 378, 447 
Death, 177 

Death, simulation of, 212 
Decapoda, 355, 394, 399 
Deep sea, bionomic; features of, 349 
Deep sea, distance to wliich light 
penetrates in, 348 
Deep sea, extent of, 347 
Deep sea, food supply in, 351 
Deep sea, intense cold of, 348 
Deep sea, physical characteristics of, 
348 

Deep sea, pressure in, 348 
Deep sea, slowness of movement of, 
348 

Deep-sea adaptation, see Adaptation, 
deep-sea 

Deep-sea animals, age of, 59 
Deep-sea animals, colors of, 352 
Deep-sea animals, eyes of, 352 
Deep-sea animals, frailness of, 352, 356 
Deep-sea animals, masticatory powers 
of, 353 

Deep-sea animals, size of, 356 
Deep-sea fauna, 351 
Deep-sea fauna, adaptive characters 
of, 352 

Deep-sea fauna, invertebrates, 354 
Deep-sea fauna, origin of, 351 
Deep-sea fauna, summary of, 354 
Deep-sea fauna, vertebrates, 355 
Deep-sea fauna, vertical distribution 
of, 353 


Deep-sea fishes, 128, 197, 357* 
Deep-sea fishes, care of young in, 353 
Deep-sea fishes, phosphorescence in, 
353 

Deep-sea fishes, tactile organs in, 352 
Deep-sea life, 347-358 
Deep-sea life, environment of, 347 
Deer, 19, 26, 43, 45, 135, 137, 157, 
188, 204, 253, 274, 559, 595, 607, 
676, 697, Plate VIII 
Deer, distribution of, 39 
Deer, fallow, 201 

Deer, Irish, 88, 129, 152, 154, 188, 
382 

Deer, musk, 259 

Deer, red, 607 

Deer, Virginia, 201, 203 

Degeneracy, 129, 189, 229-245 

Deinodon, 465 

Deinodonts, 466 

Delage, 170 

Delphinapterin®, 548-549 
Delphinapterus, 294, see also Beluga 
Delpliinida), 541, 542, 547, 548, 551 
Delphinus, 301, 550 
Delphimis bairdit, 550* 

Delphinus delphis, 550 
Dendrohyrax, 307, 309 
Dendrolagus, 250 
Dendrolagus ursinus, 249* 

Dentition, vsee Teeth 
Depauperation, in cave animals, 345 
Dept'*ret, 5, 6 
Desaguedero Eiver, 366 
Descartes, 7 

Descado formation, 623, 624 
Desert, as barrier to dispersal, 39 
Desert, characteristics of, 359 
Desert, extent of, 359 
Desert adaptation, see Adaptation, 
desert 

Desert animals, characterized by 
speed, 275 

Des(;rt animals, colonial life among, 
372 

Desert animals, color of, 369 
Desert animals, defense of, against 
sand, 367 

Desert animals, defense of, against 
temperature extremes, 367 
Desert animals, intelligence in, 372 
Desert animals, lack of perspiration 
in, 363 
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Desert animals, moisture-conserva- 
tion in, 362 

Desert animals, moisture-getting in, 
361 

Desert animals, senses in, 372 0i 

Desert animals, speed of, 371 
Desert animals, venom in, 369 
Desert communities, origin of, 372 
Desert life, 360-374 
Desert life, origin of, 373 
Desert life, summary of, 373 
Desert plants, anchorage of, 364 
Desert plants, avoidance of evapora- 
tion in, 363 

Desert plants, chemical character- 
istics of, 365 

Desert plants, form of, 363 
Desert plants, hairim^ss of, 363 
Desert plants, means of defense in, 
364 

Desert plants, moisture-conservation 
in, 361 

Desert plants, moisture-getting in, 
360 

Desert plants, spincscence in, 364 
Desis, 61 

Devonian fishes, 448 
Devonian footprints, 448, 450, 451*, 
452 

Devonian period, 69, 70, 75 
Devonian i)eriod, climate of, 75, 448 
De Vries, 106— — 

Dhole, 6«39 
Diabrotica soror, 88 
Diadiaphorus, 154*, 634, 635 
Diatom ooze, 350 
Diatryrrm, 495*, 496 
Dibelodon, 39, 571, 577, 580, 640 
Dibelodon andium, 577* 

Dibranchiata, 394, 399 
Diceratops, 487 
Dicotylidse, 607 
Dicrocynodon, 503, Plate XVI 
Dicrocynodon victor, 503* 

Didelphis niarmpialis, 254* 

Didelphis virginiana, 212 
Digits, in scansorial types, 310 
Digits, loss of, in cursorial forms, 266 
Digits, modification of, in fossorial 
forms, 279* 

Digits, reduction of, in arboreal 
forms, 312 

Dimorphic species, 211 


Dingo, 124, 193, 194, 257, 639 
Dinictis, 524*, 525, 526* 

Dinoceras, see Uintatheriiirn, 560 
Dinocerata, see Uintatheres, 514* 
Dinosaui-ia, 25, 158, 160, 171, 186, 
188, 189, 262, 265, 266, 271, 272, 
302, 322, 402, 458, 461, 462-492, 
538 

Dinosauria, amphibious, 402, 465, 
466, 697 

Dinosauria, ancestral stock of, 463 
Dinosauria, armored, 152, 465, 482, 
484*, Plate XIII 

Dinosauria, beaked, 466, 478-488 
Dinosauria, bipedal, origin of, 695 
Dinosauria, carnivorous, 272, 465, 466, 
468*, 469, 470*, 472, Plates IX, X 
Dinosauria, classification of, 466 
Dinosauria, contrast of phyla of, 467 
Dinosauria, Cretaceous, 490 
Dinosauria, distribution of, 463 
Dinosauria, duck-billed, 481, Plate XII 
Dinosauria, duration of, 463 
Dinosauria, extinction of, 491, 697 
Dinosauria, habitat of, 464 
Dinosauria, habits of, 464 
Dinosauria, herbivorous, 271 
Dinosauria, horned, 152, 465, 487*, 
488* 

Dinosauria, Jurassic, 489 
Dinosauria, living relatives of, 463 
Dinosauria, place of, in nature, 462 
Dinosauria, predentate, 466, 479*, 
483* 

Dinosauria, rise of, 68 
Dinosauria, relationships, scheme of, 
465 

Dinosauria, sauropod, 152, Plate XI 
Dinosauria, size of, 464 
Dinosauria, summary of, 488 
Dinosauria, Triassic, 489 
Dinosauria, unarmored, 425, 478, 483* 
Dinosaurs, Age of, 462 
Dinltheriurn, 468, 571, 574*, 575 
Dinotheriiim giganteum, 574* 
Dinotheriiim gigantissirnum, 575 
Diochotichus, 546 

Diphdocus, 160-162, 189, 303, 465, 
466, 474, 475*, 476 
Diploe, 561*, 562, 566* 

Dipnoi or Dipneusti, 25, 60, 442-444*, 
445*-449 

Diptera, 408, 409, 412, 421 
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DipteruSy 447 
Dipus, 273* 

Disasters, natural, 122 
Disease, bacteria of, 231 
Disease, germs of, 122 
Dismal Swamp fish, 343 
Dispersal of animals, see Distribution 
Dissacus, 510 
Distinct creations, 6 
Distribfation of animals, barriers to, 36 
Distribution of animals, barriers to, 
climatic, 37 

Distribution of animals, barriers to, 
impurity of seawater, 44 
Distribution of animals, barriers to, 
increase of moisture, 39 
Distribution of animals, barriers to, 
lack of moisture, 39 
Distribution of animals, barriers to, 
la(;k of salinity of seawater, 44 
Distribution of animals, barriers to, 
land masses, 43 

Distribution of animals, barriers to, 
large bodies of water, 41 
Distribution of animals, barriers to, 
topographic, 36 

Distribution of animals, barriers to, 
vegetative, 39 

Distribution of animals, bathymetric, 
35, 52-66 

Distribution of animals, discontinu- 
ous, 35 

Distribution of animals, geographic, 
35-51 

Distribution of animals, geological, 
35, 67-75 

Distribution of animals, kinds of, 35 
Distribution of animals, limited by 
food supply, 40 

Distribution of animals, means of, 44 
Distribution of animals, means of, 
driftwood, 45, 46 

Distribution of animals, means of, 
favoring gales, 46 

Distribution of animals, means of, 
land bridges, 44 

Distril)ution of animals, means of, 
natural rafts, 45 

Distribution of animals, migrations, 47 
Distribution of animals, necessity for, 
36 

*D3ivergence,^’ 246 
Dobson, G, E., 309 


Dodge, Col. R. I., 216 
Dodo, 327 

DcedicuruSy 486, 637*, 638 
*‘Dog-man,^^ 97, 667* 

Dogs, 20, 26, 145, 147, 177, 252, 259, 
264, 267, 518, 519*, 640 
Dogs, bush, 640 
Dogs, pointer, 628, 629*, 637* 

Dollo, L., 447 
Dollopterus, 325 

Dolpliins, 26, 64, 101*, 154, 301, 539, 
541, 542, 547, 549, 551 
Dolphins, Gauge tic, 539, 541, 547 
Dolphins, La Plata, 547* 

Dolpliins, round-headed, 101*, 298 
Domestic animals, 218, 673, 697 
Domestic plants, 673 
Doryphora decemlineata, 125 
Dracoy 316, 325, 462 
Draco volanSy 316* 

Dragon-flies, 408, 409, 414, 415 
Dragons, flying, 316*, 325, 326, 462 
Driftwood, as means of dispersal, 45- 
46 

Dromatheriuniy 501 
Dromatherium sylvestrCy 501* 
Drornocyony 508, 509* 

Drornocyon vorax, Plate XVII 
Drummond, 221, 662, 667, 668 
DryolesteSy 503 
DryopithecuSy 672 
Dryptosaurusy 465, 466 
Dubois, E., 679 
Duck-bill or duck-mole, 256 
Ducks, eider, 204 
Ducks, wood, 204 
Dugong, 253, 297 
Dunbar, C. O., 67, 72 
‘‘Dune dwellers," 684 
Dung-beetle, 138 

Dutch clover {Trifoliiirn repens), 124 
Duvaucel, 650 

Eagles, 176 

Ears, in amphibious types, 293 
Ears, in aquatic types, 293 
Ears, in bats, 322 
Ears, in fossorial types, 278 
Earth, age of, 71 
Earthquakes, 122 
Earthworms, 23, 100, 428 
Earwigs, 408, 421 
Eaton, G. F., 327 
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Eccles, R. G., 229, 231 
Echidna, 26, 277 
Echinodermata, 23, 33, 354, 437 
Echinodermata, larval, 437* 
Echinodermata, rise of, 69 
Echinoidea, 23, 44 
Edtoriy 224 
Ectocochlea, 394, 395 
Ectoparasites, 231 
EdaphosauruSy 182, 458 
Edaphosaurus crucigery 459* 
Edentata, 26, 515, 549, 550, 627, 630, 
636, 641 

Edentata, fossorial, 276 
Eel-like form, as sign of degeneracy, 
190 

Eels, 60, 64, 285, 355, 427 
Eels, ^^gulper,^^ 189 
Egg, 169 

Eigcnmann, C. H., 138, 141, 146, 343, 
347 

Eimer, T., 144, 152 
ElapidsD, 210 
ElapSy 210 

Elasmobranchii, 25, 355, 442 
Elephants, 26, 35, 38, 40, 48, 56, 119, 
121, 187, 217, 218, 275, 279, 516, 
530, 557-583, 633 

Elephants, African, 38, 145, 187, 
302*, 559, 560, 563, 564, 566*, 571, 
582*, 583, Plates XXI, XXIII 
Elephants, age of, 176 
Elephants, anatomy of, 558-565 
Elephants, ancestry of, 572-582 
Elephants, archaic characters of, 558 
Elephants, Asiatic, see Elephants y In- 
dian 

Elephants, brain of, 564, 660 
Elephants, dentition of, 561*, 562, 
563*, 567, 569* 

Elephants, dwarf, 145, 193 
Elephants, early Tertiary, 572 
Elephants, embryonic, 566* 
Elephants, evidences for evolution of, 
566 

ontogenetic, 566 
phylogenetic, 567 

Elephants, evolution of head and 
molar teeth in, 569* 

Elephants, fore foot of, 559* 
Elephants, imperial, 40, 302, 580 
Elephants, Indian, 38, 560, 563, 564, 
571, 582*, Plate XXIII 


Elephants, Jefferson, 88, 129, 154, 
580, 582 

Elephants, limbs of, 560 
Elephants, living, 582 
Elephants, lower jaw of, 568 
Elephants, mentality of, 564 
Elephants, molar tooth succession in, 
562 

Elephants, neck of, 560 
Elephants, phylogenetic changes in, 
567 

size, 567 
dentition, 567 
tusks, 568 
proboscis, 570 
lower jaw, 568 

Elephants, phylogeny of, 571 
Elephants, place of, in nature, 557 
Elephants, proboscis of, 560, 570 
Elephants, senses of, 565 
Elephants, size of, 559, 567 
Elephants, skeletal structures of, 559 
Elephants, skull of, 561* 

Elephants, specializations of, 559 
Elephants, true, 579 
Elephants, tusks of, 563, 568 
Elephants, war-, 38 
Elephasy 40, 382, 562, 567, 569*, 571 
Elephas antiquuSy 560, 567, 580, 681 
Elephas columhi, 40 
Elephas imperator, 187, 580* 

Elephas indienSy see Elephas maximus 
Elephas jeffersoni, 580, 581, 582*, 676 
Elephas maximus y 559*, 561*, 563*, 
582*, Plate XXIII 
Elephas meridionalis, 187, 560, 580 
Elephas prirnigenius, see Mammon- 
tens prirnigenius 
'^Embranchement,^^ 246 
Embryonic stage, in life cycle, 171 
Embryos, baleen whale, 540 
Embryos, vertebrate, 664*, 665* 
Emergimce of terrestrial vertebrates, 
439-457 

Emergence of terrestrial vertebrates, 
cause of, 439 

Emergence of terrestrial vertebrates, 
cause of, enemies in the water, 
439 

food on the lands, 440 
lure of atmospheric oxygen, 440 
recurrence of unfavorable environ- 
ment, 440 
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Emergence of terrestrial vertebrates, 
place of, 439 

Emergence of terrestrial vertebrates, 
time of, 448 
Emery, 141 
Empedocles, 6 
Endoceras, 395, 396 
Endocochlca, 394, 399 
Endomixis, 91 
Endoparasites, 231 
Enhydris, 62 
Eiitelodontidifi, 607‘ 

Entelonychia^ 632, 633, 634 
Enteropneusta, 436 
Environment, changes in, as cause of 
extinction, 191 

Environment, unfavorable, as cause 
of vertebrate emergencci, 440 
Eoanthropus, 678 

Eoanthropus dawaoni, 685, 686*, Plate 
XXXI 

Eocardia, 629*, 630 

Eocene camels, 614 

Eocene epoch, 44, 68, 70, 78, 624 

Eocene epoch, climate of, 40, 258, 592 

Eocene horses, 592 

l^Jocene primates, 40 

hvocene whales, 540, 542 

Ejhippus, 590, 591, 592*, 593* 

Eoichthys howelli, 427 

Eotitanops gregoryi, 155 

Ephemerida, 407, 421 

Epihippus, 591, 593, 616 

Epochs, names of, 70 

Equidae, see Horses 

Equus, 259, 591, 600, 635, 640 

Equus africantiSf 603 

Equus asinus, 116, 603 

Equus beds, 626 

Equus cahallus, 116, 267*, 588*, Plate 

III 

Equus Hang, 270, 603 

Equus leidyi, 676 

Equus onager, 253, 270 

Equus scotti, 600, 601*, Plate XXIV 

Eras, 67 

Eremias, 371 

Erethizon, 309 

Ergasilus, 242* 

ErinaceidaB, 252 
Erinaceus, 252 
Ermine, 200 
Eryops, 450* 


Eschatius, 613, 619 
Eskimo, 688 
Esociformes, 355 
Essex, 539 

Eternity of present conditions, theory 
of, 3 

Ethiopian zoogeograpliical realm, 39, 
49, 50*, 51 

Euhalxna australis, 533*, 556 
EuhaUena glacialis, 556 
Eubalaena mysticetus, 533*, 534, 
555*, 556 

Eubleptus danielsi, 421 
Eucopepoda, 242* 

Euglena viridis, 29 
Eupagurus constans, 27* 

Eupetaurus, 330, 331 
Euproclis chrysorrhoea, 126 
Euprotogonia, 511 

Eurasian zoogeographical realm, 39 
Eurinodelphidae, 541, 546 
Eurinodelphis, 546 
Europe, fossil man in, 677 
Europe, zoogeograpliical realm repre- 
sented in, 49, 50* 

Eurypterida (see also Merostomes), 
418 

Eurypterids, 418 
Euryplerus fischeri, 431* 

Eusmilus, 525 
Eusthenopteron, 450* 

Eutheria, 26 
Evans, A. H., 318 

Evaporation, avoidance of, in desert 
forms, 363 

Evolution, factors of, 83 
Involution, history of, 3 
Evolution, inorganic, 6 
Evolution, law of irreversibility of, 
249, 250, 527 
Evolution, organic, 3 
Evolution, organic, theory of, 6 
Ewart, J. C., 98, 207 
Exocoetoides, 325 
Exocmtus, 322, 323, 325 
Exocmlus spilopterus, 322* 

Extinction, 190-194 
Extinction, causes of, 191 
Extinctions, wholesale, 79 
Eyes, in amphibious types, 293 
Eyes, in aquatic types, 284, 293 
Eyes, in cave animals, 345 
Eyes, in deep-sea animals, 352 
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liiyes, in fossorial types, 278 Fcra?, 20 

Kyes, in volant forms, 321 Ferns, modern, 76 

Fever, East Coast, 232 

Families, of organisms, 18 Fever, malarial, 237 

Fasciola hepatica, 239 Fever, quatrain, 237 

Fat, layer of, in aquatic mammals, 299 Fever, tertian, 237 


Faunas, marine, first known, 69 
Fayurn, 572 
Feather-stars, 23 
Feathers, 317, 318* 

Feet, in aquatic types, 297 
Feet, in cursorial types, 264 
Feet, in desert forms, 371, 608 
Feet, in fossorial types, 279 
Feet, in scansorial forms, 309 
Feet, non-prehensile, 309 
Feet, of artiodactyls, 607* 

Feet, of camels, 615* 

Feet, of elephants, 559* 

Feet, of Eohippus, 592* 

Feet, of Hipparion, 600* 

Feet, of HypohippuSf 595* 

Feet, of man, 658 
Feet, of marsupials, 249* 

Feet, of Mesohippus, 594* 

Feet, of moles, 279* 

Feet, of Phenacodus, 510* 

Feet, of PliohippuSj 598* 

Feet, of pseudo-horses, 154* 

Feet, of rhinoceros, 266* 

Feet, of salamander, 452* 

Feet, of woodpecker, 312* 

Feet, postures of, 265* 

Feet, prehensile, 309 
Feet, reptilian, 451* 

Feet, unprogressive, as cause of ex- 
tinction, 193 
Felidae, see Cats 
Fclin®, 521, 525, 640 
Felinae, dentition of, 521 
Felinae, jaws of, 525 
Felinae, skulls of, 524* 

Felts, 522*, 524, 525, 527 
Felts atrox, 527 
Felis hebbi, 527 
Felts caffra, 521 
Felis concolor, 521 
Felis domestica, 519* 

Felis leo, 521 
Felis onca, 521 
Felis pardus, 521 
Felis tigris, 521, 523 
Felis uncia, 521 


Fever, Texas, 232 

Fins, caudal, in marine mammals, 297 
Fins, caudal, of ichthyosaurs, 296* 
Fins, paired, 285 

Fins, paired, primitive function of, 286 
Fins, unpaired, 286 
Fins, unpaired, loss of, in emerging 
vertebrates, 449 
Fireflies, 138 

Fishes, 25, 31, 138, 176, 216, 284, 440, 
448 

Fishes, aestivating, 499 
Fishes, air-breathing, 441, 442 
Fishes, anadromous, 41 
Fishes, armored, 25 
Fishes, armored, rise of, 69 
Fishes, catadromous, 41 
Fishes, cave, 138, 343* 

Fishes, chiinajroid, 132*, 352, 355 
Fishes, deep-sea, 128, 197, 352, 357* 
Fishes, dipnoan, 25, 60, 442, 443, 
444*, 445*, 447, 448, 449 
Fishes, embryos of, 664* 

Fishes, first known, 74, 427 
Fishes, flying, 65, 314, 322*, 324*, 
325, 333, 440 
Fishes, fresh-water, 440 
Fishes, fresh-water, distribution of, 41 
Fishes, ganoid, 25, 442, 447 
Fishes, in relic seas, 63 
Fishes, lung-, 25, 60, 69, 185, 190, 
442, 444*, 445* 

Fishes, lung-breathing, 499 
Fishes, migrations of, 48, 63 
Fishes, modern bony, 25 
Fishes, pipe-, 133 
Fishes, scansorial, 304 
Fishes, shark-like, 75, 131 
Fishes, stickleback, 148*, 149 
Fishes, teleost, 25, 190, 441, 443 
‘^Fish plate, 427 
Fissipedia, 518 
Fittest, origin of the, 6, 7 
Fittest, survival of the, 7 
Flachsee, 53*, see also Flatsea 
Flagella, 21 
Flatsea, 55, 56, 58 
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Flatworms, 22, 239 
Fleas, 230, 243, 408 
Flies, 408, 421 
Flies, house-, 144 
Flight, classification of, 314 
Flight, origin of, 492 
Flight, origin of, arboreal, 493 
Flight, origin of, cursorial, 492 
Flight, origin of, Heilmann’s theory 
of, 493 

Flight, passive or gliding, 314 
Flight, true, 314 
Floras, coal, 75 

Floras, land, first known, 09, 75 
Floras, modern, 77 
Floras, Permian, 76 
Florida, fossil man in, 676 
Flower and Lydekker, 282, 610 
Flower-flies, 211 
Fluctuations, 88 
Food, in caves, 346 
Food on lands, as cause of vertebrate 
emergence, 440 

Food supply, effect of, on growth, 145 
Food supply, influence of, on dis- 
tribution, 40 

Footprint, earliest known vertebrate 
75, 448, 450, 451* 

Footprints, fossil, 380*, 452 
Footprints, fossil, in the Grand Can- 
yon, 453 

Footprints, fossil, of amphibia, 452 
Footprints, fossil, of dinosaurs, 464 
Foraminifera, 21, 31, 44, 350 
F ore limbs, see Limhs, fore 
Formica rufa, 225* 

Forms suspended beneath branches, 
306 

Forms swinging by fore limbs, 307 
Fossa, 520 

Fossil fields. Tertiary, 381 
Fossilization, conditions for, 381 
Fossils, 72, 375-386 
Fossils, actual preservation, 375 
Fossils, definition of, 375 
Fossils, field technique, 383 
Fossils, footprints and trails, 380* 
Fossils, frozen in ice, 375 
Fossils, natural moulds, 379 
Fossils, nature of, 375 
Fossils, petrifaction, 378 
Fossils, preserved in amber, 377* 
Fossils, significance of, 384 


Fossils, subsequent vicissitudes of, 382 
Fossorial adaptation, see Adaptatiorif 
fossorial 
Fowls, 204 

Foxes, 18, 20, 252, 518, 639, 676 

Foxes, Arctic, 200 

Foxes, red, 198 

Foxes, silver, 198 

Free-living organisms, 26 

French Guiana, mammoth tooth in, 40 

Frigate-bird, 61 

Frogs, 25, 38, 41, 42, 61, 131, 133, 
173, 174, 180*, 181, 449 
Frogs, flying, 325* 

Frogs, tree-, 309, 325* 

Functional disuse, inlieritance of re- 
sults of, 104 

Fundy, Bay of, tides in, 55 
Fungus, symbiotic, 29 

Gadiformes, 356 

Gadow, 41, 133, 144, 309, 342, 368, 
371 

Galago, 309 
Galago garaetti, 313 
Galapagos Islands, 42 
Galapagos sea-lizard, 62, 287, 288*, 
462 

Galapagos tortoises, 84 
Galeopiihecus, 253, 307, 317*, 331, 332 
Galeopithecus philippinensis, 332 
Galeopiihecus volans, 317*, 332 
Gall-flies, 408 

Gallon's law of ancestral inheritance, 
105 

Gallon's law of filial regression, 106 
Galveston, damage to, by storm, 122 
Gamble, F. W., 199 
Ganoidei, 25, 442, 447 
Ganoidei, lobe-finned, 442 
Garpikes, 41, 205 
Gaskell, 432 

Gasterosteus cataphr actus, 148*, 149 
Gastropelecus, 323 

Gastropoda, 23, 59, 183, 187, 355, 4-10 
Gastrostomus bairdii, 356, 357* 
Gastrula, 171, 172* 

Gayal, 19 

Gazelle-camels, 613, 617* 

Gazelles, 199, 200, 366, 369, 371 
Geckoes, 305, 309, 371, 461, 462 
Geckoes, flying, 325*, 326 
Gegenbaur, C., 416 
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Geikie, A., 375 
Gommules, 94 
Genera, 18, 19 
Genesis, 3 
Genet, 519* 

Genetta iigrina, 519* 

Genus, 21 
Genyodectes, 189 
Geobiotic realm, 52, 54 
Geologic chronology, 67, 68-69 
Geologic history, compared with 
human, 73 

Geologic history, summary of, 73-79 
Geologic time scale, 68-69, 71 
Geologic time scale, South American, 
625 

Geometrid moth, 208 
Geometrid moths, larvae of, 180, 181 
Geo-plankton, 31 
Geosaurus, 294, 297* 

Germ-plasm, 91, 92, 95*, 96 
Germ-plasm, continuity of, 95* 
Germ-plasm theory, Weismann's, 94 
Ghor-khar, 253 

Gibbons, 162, 163, 306, 308, 648- 
650, 672, 679, Plate XXVII 
Gibbons, locomotive powers of, 649 
Gigantocamelus, 613 
Gigantopterus, 325 

GigantosauruSf 186, 303, 466, 476*, 
• 481 

Gila monster, 202, 369, 372 
Gill-breathing, 455 
Gills, internal, loss of, in emerging 
vertebrates, 451 
Gills, tracheal, 413, 414* 

Ginkgoes, 76 
Giraffe camels, 613, 618 
Giraffes, 153, 560, 607, 619 
Giraffidae, 607 
Glacial period, 68, 73, 75 
Glaciation, Permian, 69, 73, 75, 275, 
499, 695 

Glaciation, Pleistocene, 68, 73, 499, 
620, 698 

Glaciation, Proterozoic, 73 
Glands, ductless, 92, 140 
Glands, endocrine, 92, 140 
Glands, interstitial, 140 
Glands, liver, 140 
Glands, pancreatic, 140 
Glands, reproductive, 140 
Glands, salivary, 140 


Glands, salivary, loss of, in aquatic 
types, 299 

Glands, skin, loss of, in aquatic types, 
299 

Glands, spleen, 140 
Glands, suprarenal, 140 
Glands, thymus, 140 
Glands, thyroid, 140 
GlaucuSy 201 

Globicephalus, 101, 298, 301, 551 
Glohigerinay 185, 350 
Globigerina ooze, 350 
Glypiodon, 637* 

Glyptodonts, 630, 638, 639 
Gnu, 28, 217 

Goats, 89, 135, 136, 193, 607 
Gobi Desert, 366 
Goethe, 12, 666 
Gondwana land, 42, 622, 623 
Goniaiites, 394 
Goniatoids, 397* 

Goose, wild, 47 
Goose-barnacle, 23 
Gophers, 254 
Gophers, pocket-, 279 
Gourd, wild, 361 
GorgosauruSy 465, 466 
Gorilla, 35, 163, 176, 187, 648, 652, 
653, 657*, 674, Plato XXX 
Gorilla, 648 

Gorilla, gorilla, 652, 653, Plate XXX 
Grabau, A. W., 183, 355 
Grallator, 470 
Grampus, 541, 551 
Grand Canyon revolution, 69, 696 
Grasshoppers, 135, 199, 408, 421 
Gravigrada, 631 

Graviportal adaptation, 268*, 269 

Greasewood, 365 

Great Barrier Reef, 44 

Greek explanations of evolution, 7 

Greek theories, 6 

Greeks, 6, 7 

Greenland, zoogeographical realm 
represented in, 50* 

Gregarious animals, 33, 215-218 
Gregory, W. K., 190, 206, 643, 649> 
652, 654, 672 
Grimaldi race, 688 
Gronias nigrilabris, 343 
Ground-sloths, 45, 163, 376, 377*, 
601, 631, 636, 639, 640, 676 
Grubs, white, 410 
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Gryllotalpa borealis, 410*, 411 
Gryposaurus, 483* 

Grypotherium, 636, 638 
Guanacos, 123, 612*, 640 
Guinea hen, 112 
Guinea-pigs, 108, 140, 630 
Gulf sea-weed, 34, 61 
Gulls, 61, 201 

‘‘Gunda,’^ 565, Plate XXIII 
Gunther, A. C., 197, 252 
Gurnets, flying, 324* 

Gymnophiona, 25, 181, 182* 
Gymnura, 253* 

Gypsy-moth, 126, 135 
Gyroceracone, 393, 395 
Gyroceras, 184, 396*, 397 

Hadrosauridse, 464, 491 

Hadrosaurs, 162, 265, 287, 288, 290 

Hadrosaurus, 465, 482 

Ilaeckcd, K., 33, 144, 179 

Haeckel, biogenetic law of, 179 

Hsemocyanin, 195 

Haemoglobin, 195 

Hag-fishes, 25, 244 

Hair, loss of, in aquatic types, 299 

Halicore, 297 

Halictus, 222 

11 allopus, 465, 466 

Halobiotic realm, 53, 55 

Halo-plankton, 31 

Halysites catenulatus, 379 

Hamites, 398 

Handlirsch, A., 418, 419, 424 
Hapalernur griseus, 313 
Hapalidae, 643, 645 
Hapalops, 629*, 631 
Hares, 26, 279 
Hares, European, 200 
Hares, varying, 200 
llarpagolestes, 514 
Harrinmnia, 436 
Harriotta, 355 
Harte, Bret, 675 
Hatcher, J. B., 123 
Hatteria, 185, 187, 192, 666, see also 
Sphenodon 

Hawaiian land snails, 84 
Heartsease {Viola tricolor), 124 
Heat, degree of, as barrier to dis- 
persal, 37 

‘^Heatherbloom,^^ 586 
Hebrew tradition, 3 


Hebrews, racial purity of, 84 
Hedgehogs, 26, 252, 278 
Heer, O., 517 
Hegetotherium, 632 
Heidelberg man, 680*, 681* 

Heilprin, A., 37, 43, 46 
Heliconiida), 213 
Helix, 239 
Hemichorda, 24 
Hemiptera, 408, 412, 416, 421 
Heredity, 83, 93-111 
Heredity, Darwin's paiigenesis theory 
of, 94 

Heredity, definition of, 93 
Heredity, encasement theory of, 93 
Heredity, latent qualities, 96 
Heredity, laws of, see Inheritance, 
laws of 

Heredity, physical basis of, 93 
Heredity, potent qualities, 96 
Heredity, Weismann's germ-plasm 
theory of, 04 

Hermaphroditism, 100, 234, 236 
Herons, 217 
Jlerpestes griseus, 127 
Herring, 48, 63, 119, 216 
Hesperornis, 61, 495 
Hesperornis crassipes, Plate XV 
Hesperornis regalis, Plate XV 
Heteroceras, 397*, 398 
Heterodon, 211, 278 
Heteropods, 31 
Hexapoda, 24 
Hibernation, 282 
Hierosaurus, 465 

Himalayas, as faunal barriers, 36, 
37, 49 

Hind limbs, see Ldmhs, hind 
Hindoo fakirs, 104 
Hinny, 116, Plate H 
Hipparion, 268*, 591, 595, 598, 600*, 
635 

Hipparion gracilis, 598 
Hipparion whitneyi, 598 
Hippidion, 368, 591, 599, 601*, 637*, 
640 

Hippocampus, 133 
Hippocampus antiquorum, 133* 
Hippolyte, 199 
Hippopotami, 607 
Hippopotamidse, 607 
Hippopotamus, 63, 187, 293, 506* 
Histometabasis, 378 



720 


INDEX 


Hog>nosed snake, 211, 278 
Hogs, embryos of, 665* 

Hogs, wild, 154 

Holarctica, 51, 258, 517, 590, 671 
Holoptychius, 443 
Holothui’oidea, 23, 354 
Homiiiidae, 643, 654, 677 
Homo, 654, 687 

Homo heidelbergensis, 678, 680*, 681* 
Homo neanderthalensis, 678, 681, 
682*, 683*, 688*, Plate XXXI 
Homo primigenius, sec H. neander- 
thalensis 

Homo rhodesiensis, 684* 

Homo sapiens, 89*, 270, 654, 656*, 
678, 681*, 683*, 687, 689* Plates 
HI, XXXI 
Homologies, 100 
Hoofed animals, 26 
Hooker, J., 14 

Hoplophoneus, 524*, 525, 526, 528*, 
Plate XIX 

Hornaday, W. T., 216 
Hornets, 202 
Horns, 154 

Horns, rudimentary, 102 
Horses, 26, 45, 86, 98, 102, 104, 

105, 116, 117, 153, 155, 157, 176, 

177, 190, 192, 197, 200, 218, 258, 

259, 263, 264, 265, 266, 267*, 268*, 
269, 274, 516, 559, 560, 584-005, 
606, 626, 634, 639, 640, 681, 687, 
Plate III 

Horses, adaptations of, 584 
Horses, American Miocene, distribu* 
tion of, 251 

Horses and man, 269, 604, Plate III 
Horses, Arab, 603, 604 
Horses, body contour of, 584 
Horses, brain of, 589 
Horses, browsing, see Forest horse 
Horses, Celtic pony, 602 
Horses, desert,’^ 598 
Horses, Eocene, 592 
Horses, evolution of, 584 
Horses, evolutionary summary of, 590 
Horses, extinction of, in North Amer- 
ica, 601 

Horses, feral, 591 

Horses, ^Horest,'' 190, 595*, 596, 602 
Horses, limbs and feet of, 585 
Horses, living, 602 
Horses, mentality of, 589 


Horses, Miocene, 190, 266, 595 
Horses, Mongolian, 602 
Horses, Norse yellow dun pony, 602 
603 

Horses, Oligocene, 594 
Horses, paleontology of, 590 
Horses, Pampas, 601* 

Horses, phylogeny of, 591 
Horses, place of origin of, 590 
Horses, Pleistocene, 600 
Horses, Pliocene, 598 
Horses, prairie, 597* 

Horses, Przewalski, 602, 604 
Horses, pseudo-, 153, 154* 

Horses, senses in, 589 
Horses, size of, 589 
Horses, skull of, 586 
Horses, teeth of, 586, 587*, 588* 
Horses, Yale series of, 584 
House-fly, 144, 416 
Howard, L. O., 405 
Hrdlicka, A., 676 
Huene, F. von, 463 
Humboldt, A. von, 329, 341 
Humming-birds, 170, 197, 660 
Hutton, 315 
Hutton, J., 3 

Huxley, T. H., 4, 15, 119, 125, 162, 
497, 591, 649, 651, 662, 682 
Hyaena striata, 519* 

Hyaenas, 121, 265*, 519*, 520 
Hyaenidae, 520 
Hyaenodon, 509*, 510 
Hyatt, A., 144, 179, 183 
Hybridizing, 115 
Hydra, 22 
Hydra viridis, 28* 

Hydra, green, with symbiotic plants, 
28* 

Hydractinia sodalis, 27* 

Hydroids, 22, 32*, 34, 354 
Hydroids, commensal, 27* 
Hydrophilus triangularis, 415* 
Hydrophinae, 462 
Hydrozoa, 22 
Hylobates, 309, 648 
Hylobates lar, 648* 

Hylopus hardingi, 453 
Hymenoptcra, 218, 221, 408, 409j 
410, 421 

Hymenoptcra, first, 423 
Hymenoptera, parasitic, 135, 229 
Hyperdactyly, 297, 538 
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Hyperoodon, 301, 546 
IJyperoddon rostratiim, 546 
Hyperphalangy, 297 
Hypohippidium, 591 
Hypohippiis, 190, 251, 266, 591, 
596 

Hypohippjis equinus, 595*, 596 
Hypohippus nuitihenri, 596 
Hypfiilophodon, 465, 467, 481 
Hyracoidea, 511, 557, 623, 632 
Hyracotfie/riumj 590, 591 
Hyrax capemis, 88* 

Hyrax, tree-, 309 

Ice, final retreat of, 79 
Iceland, zoogeographical realm repre- 
sented in, 49 
Ichneumon-flies, 408 
Ichihyophys, 181 
Ichthyophys glutinosa, 182* 
Ichthyornis, 495 

Ichthyosauria, 25, 31, 61, 102, 158, 
159, 171, 191, 250, 289*, 290, 292, 
293, 294, 295, 296*, 298*, 301, 322, 
456, 458, 461, 532 
I chthyosauruSj 1 0 1 * 

Ichthyosaurus platydactylas, 298* 
Ichthyosaurus quadriscissusy 296* 
Ichthyosaurus trigonus var. post-^ 
humus y 296* 

Icticyoriy 640 
Idiacanthus feroXy 357 
Iguana, marine, 290, see Amhly- 
rhynchus 

Iguanodouy 465, 467, 479, 480*, 481- 
483* 

Iguanodon hernissartensisy 480* 
Immigrant fauna, South America of, 
635 

Immigration, repopulation by, 3, 5 
Impurity of seawater, as barrier to 
distribution, 44 

India, loss of life in, due to wild 
animals, 121 

India, zoogeographical realm repre- 
sented in, 50*, 51 

Indigenous fauna, South America of, 
635 

Inductions, 145 
Infusoria, 21 

Inheritance, Galton^s laws of, 105 
Inheritance, principles of, 105-110 
Inheritance, Mendel’s laws of, 106 


Inheritance, of acquired characters, 
95, 104, 143-150, 164 
Inheritance, of instinct, 147, 202 
Inheritance, of results of functional 
disuse, 104 

Inheritance, problem of, 93 
Inia, 301, 546 
Inia geoffroyensis, 547 
Iniidae, 541, 542, 546 
Ink-sac, of squid, 389, 390 
Insectivora, 26, 253'", 305, 508, 516, 670 
Insec tivora, flying, 331 
Insectivora, fossorial, 276 
Insects, 24, 47, 76, 133, 136, 176, 
192, 201, 203, 204, 21 1,218,404-424 
Insects, adaptive radiation in, 409 
Insects, aerial adaptation in, 415 
Insects, ancestral stock of, 418 
Insects, aquatic adaptation in, 4 1 1-415 
Insects, class! licat ion of, 407 
Insects, cochineal, 405 
Insects, communalism among, 218 
Insects, cursorial adaptation in, 409 
Insects, definition of, 404 
Insects, evolution of, summary of, 423 
Insects, first with complete metamor- 
phoses, 423 

Insects, fossorial adaptation in, 410 
Insects, geological liistory of, 418 
Insects, habitat of, 406 
Insects, habits of, 406 
Insects, higher orders of, 423 
Insects, importance and numbers of, 
404 

Insects, lac, 405 
Insects, leaf, 209*, 408 
Insects, Mesozoic, 422 
Insects, metamorphosis in, 76, 406 
Insects, modern, rise of, 69 
Insects, Paleozoic, 421* 

Insects, parasitic, 41, 243 
Insects, place of, in nature, 404 
Insects, preserved in amber, 377* 
Insects, primal, 420 
Insects, primitive, rise of, 69 
Insects, primitive stock of, 409 
Insects, saltatorial adaptation in, 409 
Insects, scale, 33, 100, 127, 134*, 135, 
243, 408 

Insects, Tertiary, 423 
Insects, transitional orders of, 421 
Insects, walking-stick, 209, 408 
Insects, wings of, 101* 
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Insects, with complete metamorpho- 
sis, 408 

Insects, with incomplete metamor- 
phosis, 407 

Insects, with no metamorphosis, 441 
Instinct, inheritance of, 147, 202 
Integument, in aquatic types, 298 
Intelligence, see Mentality 
Intelligent design, 7 
Intermigrations, between benthonic 
realms, 59 

Internal perfecting principle, 9, 11 
Internal perfecting tendency, 7 
Interrelationships of organisms, with 
each other. 26; with the physical 
enviromnent, 30 
Invertebrates, 100, 216 
Invertebrates, in deep-sea fauna, 354 
Ipnops, 355 

Irish deer, 152, 154, 188, 382 
Irreversibility of evolution, law of, 
249, 250, 527 
I schyorhynchus, 547 
Island life, restrictions of, 193 
Isolation, 84, 114, 185 
Isoptcra, 218 
Izuka, A., 119 

Jackals, 18, 20 
Jack-rabbit, 365, 371 
Jackson, R. T., 183 
Jacob the patriarch, 98 
Jaguars, 43, 192, 201, 521, 640 
Jamaica, mongoose in, 127 
Japanese Palolo worm, 119 
Jatropha, 362 

Java, fossil man of, 677, 678*, 679*, 
Plate XXXI 

Java, zoogeographical reahn repre- 
sented in, 50*, 51 
Jeftichjew, Adrian, 97, 667* 
Jellyfishes, 22 
Jellyfishes, planktonic, 30* 

Jerboa, 267, 272, 273*, 493 
Jordan, D. S., 64 
Jordan and Kellogg, 21, 114, 118 
Juglans calif omica, 116 
Juglans nigi'a, 116 

‘ ‘ Jumbo , 302*, 559, 565, Plate XXI 

June bug, 410 

Jungle fowl, 205 

Jurassic birds, 494 

Jurassic period, 68, 70, 77 


Kadaliosaurus, 460 
Kallima, 129, 213 
Kallinia paralecta, 210* 

Kangaroos, 26, 249*, 250, 255, 271, 
272, 310 

Kangaroos, csccum of, 663* 

Kansas, fossil man in, 676 
Kant, E., 7 
Kathleen,^' 539 
Katydids, 134, 136 
Keith, A., 649, 679, 680 
Kellogg, R., 540 

Kellogg, V. L., 87, 137, 140, 141, 155, 
221, 223, 225, 227, 405 
Kiang, 591, 603 
Kinetogenesis, 144, 155-165 
Kinetogenesis, objections to, 163 
Kingdoms, of organisms, 17 
Ki[)ling, Rudyard, 218 
K lipspringers , 265 
Koalas, 255, 310, 311 
Kogia, 542, 545, 556 
Koodoos, 233 
Krakatoa, 122 
Klikenthal, W., 102, 298 

Laban, 98 

Labyrinthodonts, 443 
Lac insects, 405 
Lady-bugs, 127 
Lake Champlain, 63 
Lake Nicaragua, 44 
Lake Ontario, 63 
Lakes, salt, 366 

Larna {Auchenia), 608, 612, 613, 615* 
Lama huanacusy 612* 

Lama vicunia, 612 

Lamarck, 9, 10, 11, 12, 14, 94, 143, 246 
Lamarckian factor, 15, 150, 164, 693 
Lamarckism, 147, 149 
Lamarck\s laws, 143 
Lampreys, 25, 32 
Lamp-shells, 23 

Lancclets, 24, 32, 170, 172*, 425, 426*, 
430, 431, 432, 433, 435, 436 
Land animals, 92 
liand bridge, isthmian, 39 
I.and-l)ridges, 70, 71, 78 
Land bridgcis, as means of distribu- 
tion, 44 

Land floras, first known, 69 
Land imisses, as barriers to distribu- 
tion, 43 
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Land vertebrates, rise of, 69 

Laomurus, 465, 479 

Laramide lie volution, 68, 77, 696, 697 

Jjarva?, definition of, 173 

Larva), cchinoderm, 437* 

Larva), geometrid, 181* 

Larvffi, May-fly, 414* 

Larva), mero-planktonic, 33 
Larva), Tornaria, 437* 

Lasiiis bnmneus, 225 

Leaf chafers, 4 10 

Leaflessness, in desert plants, 363 

Leeclu'S, 23 

Legless forms, 277 

Leibnitz, 7 

Ticrnmings, 200, 282 

Ivemon-trees, 128 

Jaanur, flying, 307, 317 

Lem ur catta, 313 

Lemuroidea, 306, 309, 312, 313, 333, 
516, 643*, 670 
Lena delta, 376 
L(;ningrad Academy, 376 
Leningrad Museum, 581 
Leopards, 121, 201, 521 
Leopards, black, 198 
Lepas, 34 

Lepidoptera, 408, 409, 415, 421, 423 
Ixjpidoptera, first, 423 
Lepidosiren, 445-447 
Lepidmiren^ habits of, 446 
Lepisma, 180, 407, 409* 
Leptocephalus, 355 
Leptothorax emersoni, habits of, 227 
Lepus sylvaticus, 2C3 
Lepus timidus, 200 
Lepus variahilis, 260 
Lern^xi, 242* 

Lesteira, 242* 

Libellulinie, 414 

Lice, 243, 408 

Lice, bird-, 243, 421 

Lice, book-, 421 

Lice, corn-root, 225 

Lice, plant-, 91, 408 

Lice, true, 243 

Lichens, symbiotic, 29 

Life cycle, 169-178 

Life cycle, adolescent stage, 172 

Life cycle, adult stage, 174 

Life cycle, embryonic stage, 171 

Life cycle, post-embryonic life, 172 

Life cycle, senile stage, 170 


Life cycle, stages in, 169 
Life, length of, 175 
Life, origin of, 3, 693 
Life, records of, 72 
Light, absence of, in caves, 337 
Lighi/, absence of, characteristic of 
abyssal realm, 58, 348 
Liniax lanceolatus, 432 
Limb giivUes, in scansorial forms, 307 
Limb proportions, 162 
J^imbs, development of, in emerging 
vertebrates, 449 

Limbs, lore, in acpiatic types, 297 
Limbs, fore, in cursorial tviies, 264, 
267, 269, 271 

Limbs, fore, in fossorial forms, 279* 
Linibs, fore, vertebrate, 101* 

Limbs, bind, in aijuatic types, 292, 
295, 297, 298 

Limbs, hind, n cursorial types, 267 
Liml)s, hind, in fossorial types, 281 
Limbs, hind, in horses, 267 
Limbs, hind, traces of, in foetal 
whales, 298 

Limbs, hind, vestigial, in python, 
102 * 

Limbs, in elephants, 560 
Limbs, in horses, 585 
Limbs, in man, 655 
Limbs, in Proboscidea, 560 
Liml)s, in scansorial forms, 308 
Lime-secreting habit, origin of, 694 
Limenilis disippus, 211 
Litmueus 7mnutuSj 239 
Limrueus truncatulus, 239 
Lirnnobiot ic realm, 53, 54 
LwmosceliSf 460 
Lwinoscelis paludis, 460* 

Limulus, 24, 418, 430*, 431 
Lincoln, A., 13 
Ling, 119 
Lingula^ 185 

Linnxus, 4, 5, 8, 20, 119, 630, 643 
Liriophryne Ivcifer, 356, 357* 

Lions, 128, 200, 204, 521, 531, 681 

Litopterna, 634, 635 

Litopterna, cursorial, 263 

Little St. Bernard Pass, 38 

Littoral, 55 

LiUorina, 59 

Liiuites, 396*, 397 

Liver, 140 

Liver-flukes, 239 
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Living environment, changes in, as 
causes of extinction, 192 
Livona pica, 60 

Lizards, 25, 43, 171, 196, 204, 212, 
262, 271, 272, 277, 316, 458, 461, 
462, 467 

Lizards, Australian frilled, 262, 266, 
272, 462, 463 
Lizards, desert, 368, 371 
Lizards, flying, 316, 325, 462 
Lizards, Galapagos, 62, 287, 288*, 462 
Lizards, limbless, 461 
Lizards, northern limit of, 38 
Lizards, sea-, 288*, 461 
Lizards, ship-, 459* 

Lizards, spiny, 370* 

Llamas, 19, 48, 607, 608, 612, 634, 640 
Lobosa, 21 
Lobsters, 24, 355 
Lobsters, culture of, 121 
Loco weed, 365 

Locomotion, in aquatic forms, 285, 
294 

Locomotion, in dragon-fly nymphs, 414 
Locomotor organs, in squid, 390 
Locomotor organs, special, in male 
insects, 135 
Locusts, 408 

Locusts, Rocky Mountain, 48 
Locusts, seventeen-year, 176 
Loeb, J., 149 
Loess, fossils in, 381 
Loess man,’’ 675 
'‘Lolach,” 446 
Loligo, 387, 388*, 394, 402 
Loligo peali, 387 
London, Jack, 668 

Longevity, recorded instances of, 176 
Loomis, F. B., 530, 618 
Lorenz, Dr., 156 
Loris, 255 

Loxodonta, 568, 571, 580 
Loxodonta africana, 302*, 559*, 566*, 
582*, Plates XXI, XXIII 
Lucas, F. A., 170, 327, 583 
Luminescence, 54, 58, 352, 353, 355, 
356 

Lung-breathers, 286, 290, 499 
Lung-fishes, 25, 60, 185, 190, 443, 
444* 

Lung-fishes, rise of, 69 
Luray Cavern, 336 
Luray Cavern, flora of, 339 


Lydekker, R., 51, 252, 256, 333 
Lyell, Sir Charles, 14, 67 
Lynxes, 521 
Lytoceras, 398 
Lytopterra, 263, 634 

Mabuia, 368 
Macacus inuus, 648 
Macaques, 643, 647 
McCook, 226 
McGee, W. J., 372 
Machairodontina), 521, 524*, 525, 530 
Machairodontin®, dentition of, 521 
Machairodontin®, jaws of, 525 
Machairodontin®, skulls of, 523, 524* 
Machairodus, 524*, 525, 528, 529 
Mackerel, 216 

Mackerel, Spanish, 284, 285* 
Macrauchmia, 588, 634-637* 
Macrauchenidai, 634 
Macroclemniys temmincki, 159 
Macropharynx, 189 
Macropus dorsalis, 249* 

Macrurus filicauda, 352 
Madagascar, home of lemurs, 644 
Madagascar, zoogeographical realm 
represented in, 49, 50 
Madden, J., 360, 363, 367, 373 
Maguey, 362 
Malaria organism, 237 
Mallophaga, 243 
Malta, 145, 193 
Malthus, 9, 14, 691 
Mammalia, 25,43, 61, 62,77, 157, 158, 
159, 171, 190, 194, 198, 246, 456* 
Mammalia, amphibious, 290 
Mammalia, ancestral stock of, 497 
Mammalia, aquatic, 290 
Mammalia, archaic, 78, 257, 505-515 
Mammalia, archaic, brain of, 506* 
Mammalia, archaic, classification of, 
507 

Mammalia, archaic, defects in, 505 
Mammalia, archaic, deployment of, 
697 

Mammalia, archaic, fate of, 514, 697 
Mammalia, archaic, rise of, 68 
Mammalia, archaic, vanishing of, 68 
Mammalia, Australian, 254 
Mammalia, bipedality in, 271 
Mammalia, browsing, extinction of, 
697 

Mammalia, cave, 340 
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Mammalia, culmination of, 68, 78 
Mammalia, cursorial, 263 
Mammalia, definition of, 497 
Mammalia, distribution of, 40 
Mammalia, domestic, culmination of, 
697 

Mammalia, egg-laying, 26, 256 
Mammalia, first deployment of, 78 
Mammalia, flying, 329 
Mammalia, fossorial, 276 
Mammalia, grazing, deployment of, 
697 

Mammalia, great, extinction of, 68 
Mammalia, higher, rise of, 68 
Mammalia, Mesozoic, 51, 500 
Marnmaha, Mesozoic, characteristics 
of, 500 

Mammalia, Mesozoic, check on, 504 
Mammalia, Mesozoic, classification 
of, 501 

Mammalia, Mesozoic, deployment 
of, 500 

Mammalia, Mesozoic, habitat of, 501 
Mammalia, Mesozoic, release of 
check on, 505 

Mammalia, migrations of, 39, 45, 
48, 62, 63 

Mammalia, modern, 257, 516-518 
Mammalia, modern, brain of, 506* 
Mammalia, modern, deployment of, 
517 

Mammalia, modern, place of origin 
of, 516 

Marnmaha, modem, pristine home of, 
258 

Mammalia, origin of, 274, 497-500 
Mammalia, origin of, cause of, 499 
Mammalia, origin of, place of, 498 
Mammalia, origin of, time of, 499 
Mammalia, pouch-bearing, 26 
Mammalia, scansorial, 304 
Mammalia, viviparous, 26 
Mammalia, warm-blooded, origin of, 
695 

Mammonteus (Mammuthus), 259, 
568, 580, 581*, Plate V 
Mammoth Cave, 336, 338, 343 
Mammoth Cave, flora of, 338 
Mammoths, 376, Plate V 
Mammoths, Jefferson, see Elephants^ 
J efferson 

Mammoths, hairy, see Mammoths y 
woolly 


Mammoths, imperial, see ElephantSy 
imperial 

Mammoths, Siberian, 192, 259 
Mammoths, woolly, 580, 581*, Plate V 
Man, 26, 86, 89, 163, 192, 258, 264, 
270*, 271, 642-692 
Man, ancestral stock of, 672 
Man, antiquity of, ev^idences for, 689 
Man, a primate, 642 
Man, articulate speech in, 661 
Man, association of, with extinct 
North American animals, 675 
Man, a vertebrate, 642 
Man, brain of, 660* 

Man, communal fife of, 215, 227, 690 
Man, contrasted with other anthro- 
poids, 654 

Man, Cr6-Magnon, 678, 687, 689*, 
690*, Plate XXXI 

Man, Darwinian point to ear of, 663 
Man, direction of hair on body of, 662 
Man, distribution of, 690 
Man, dreams of, 668 
Man, embryos of, 665* 

Man, erect posture in, 656 
Man, evolution of, 642-692 
Man, evolution of, anatomical evi- 
dences for, 655-669 
Man, evolution of, ontogenetic evi- 
dences for, 666-669 
Man, evolution of, paleontological 
evidences for, 670^92 
Man, evolutionary changes in, 674 
Man, facial angle in, 659*, 660 
Man, foot of, 658 
Man, fossil, 675-689 
Man, fossil, chronology of, 678 
Man, fossil, in Africa, 677 
Man, fossil, in Asia, 677 
Man, fossil, in North America, 675 
Man, fossil, in South America, 676 
Man, frontal bone in, 666 
Man, future of, 690 
Man, gill-clefts in, 666 
Man, hand of, 656* 

Man, Heidelberg, 678, 680*, 681* 
Man, independent of climate, 689 
Man, intelligence of, 690 
Man, lanugo in, 667 
Man, length of life of, 210 
Man, limbs of, 655 
Man, living, races of, 654 
Man, “ loess, 675 
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Man, loss of hair in, 658 
Man, lower jaw in, 658, 681* 

Man, Neanderthal, 271, 678, 681, 
682*, 683*, 684, 688*, Plate XXXI 
Man, of Spy, 682 

Man, ontogeny and morphology of, 
642 

Man, origin of, 68, 672 
Man, origin of, cause of, 673 
Man, origin of, place of, 672 
Man, origin of, time of, 674 
Man, Peking, 677, 680 
Man, pelvis in, 656 
Man, Piltdown, 678, 681*, 685, 686*, 
687, Plate XXXI 
Man, pineal body in, 666 
Man, place of, in nature, 642 
Man, plica semilunaris in, 666 
Man, power of grip in babies, 667, 
668* 

Man, premaxillary bone in, 666 
Man, Rhodesian, 684 *-685 
Man, skeleton of, 655, 657*, Plate III 
Man, soft anatomy of, 656 
Man, specializations in, 656 
Man, tail in, 667 
Man, teeth of, 656, 658 
Man, Trenton, 675 
Man, variation in, 689 
Man, vermiform appendix in, 662, 
663* 

Man, vestigial muscle bands in, 663 
Man, vestigial organs in, 662 
Manatee, 253, 272, 291, 557, 558* 
Manatee australis, 558* 

Mandrill, 647 

Mantle, in cephalopods, 388 
Marey, 416 
Marmosa, 310 
Marmosa pusilla, 249* 

Marmosets, 643, 645 
Marsh, O. C., 473, 584 
Marsupialia, 26, 51, 193, 249*, 254, 
257, 260, 305, 306, 310, 503, 504, 
508, 515, 628, 639, 641 
Marsupialia, aquatic, 255 
Marsupialia, arboreal, 255 
Marsupialia, bipedal, 271 
Marsupialia, cursorial, 263 
Marsupialia, flying, 329, 330* 
Marsupialia, fossorial, 256, 276 
Martens, 519* 

Mastigophora, 21 


Mastodon, 40, 382, 569*, 571, 577, 640 
Mastodon americanus, 268*, 567, 574, 
578*, 579*, 675 
Mastodon elephantoides, 579 
Mastodons, 40, 45, 268*, 279, 382, 
516, 639, 640, 675 
Mastodons, dibelodont, 599 
Mastodons, in association with man, 
675 

Mastodons, later Tertiary, 574 
Mastodons, shovel-tusker, 574 
Mating, special organs for, 131 
Matthew, W. D., 45, 437, 464, 476, 
501, 504, 525, 527, 530, 581, 598, 
614, 622, 624, 633, 658, 670 
Mayer, 139 

May-flies, 175, 377*, 407, 408, 414*, 
421 

May-flies, preserved in amber, 377* 
Mechanical genesis,’’ 155 
Mechanics, of vertebrate skeleton, 156 
Medieval life, era of, 68, 70 
Mediterranean race, 655, 689 
Mediterranean Sea, former arms of, 63 
Mediterranean Sea, temperature, 58 
Medusse, 22 
Megacheiroptera, 319 
Megalictis, 520 
Megalonychidae, 636 
Megahnyx, 336, 624, 636 
Megalonyx jeffersoni, 676 
Megalosaiirus, 4()5, 466, 473 
Megaptera, 298, 533, 538, 540 
Megaptera hoops, 553, 555* 

Megaptera nodosa, 553 
Megatheriidse, 638 
Megatherium, 193, 637*, 638 
Melanin, 195 
Melanism, 197 
Mendel, G., 106 

Mendel’s laws of inheritance, 106- 
110, 198 

Meniscotheriidai, 511 
Meniscotherium, 511 
Mental capacity, measures of, 194 
Mental life, era of, 68, 70 
Mental precocity, in aquatic forms, 
302 

Mental precocity in cursorial forms, 
273 

Mentality, in camels, 610 
Mentality, in desert forms, 372 
Mentality, in elephants, 564 
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Mentality, in man, 690 
Mero-plankton, 33, 58 
Merostomata, 404, 431 
Merriam, J. C., 382, 528, 530 
Merriamia zitteli, 298* 

Merychippus, 190, 586, 591, 595, 
596*, 597*, 635 

Mesohippus, 591, 594*, 595*, 616 
Mesohippiis hairdi, 594 
Mesohippus iniennedius, 594 
Mesoplodon, 154, 546 
Mesophdon layardi, 538*, 546 
Mesosaurus, 458, 459* 

Mesozoic era, 68, 70, 77, 532 
Mesozoic insects, 422 
Mesozoic mammtUs, 500-505 
Mesozoic mammals, radiation of, 257 
Mesquite, 360, 372 
Messina earthquake, 122 
Metamorphosis, 173, 406 
Metamorphosis, in frogs, 180 
Metamorphosis, in insects, 406 
Metaphyta, 18 

Metazoa, 18, 21, 144, 171, 172 
Metazoa, stages in life cycle of, 172* 
Mexican plateau, as zoogeographical 
boundary, 37, 40, 49 
Miacidse, 525 
Mice, 660 
Mice, field-, 125 
Mice, white, 146, 198 
Mice, white-footed, 340, 347 
‘‘Michael Sars,” 351 
Microcheiroptera, 319, 332* 
Microconodon, 501 
Microzeiiglodon, 544 
Middle Ages, evolutionary ideas in, 7 
Migrations, 47 

Migrations, from North to South 
America, 39, 44, 48, 625 
Migrations, from sea to air and air to 
sea, 65 

Migrations, from South to North 
America, 45, 48, 639 
Migrations, permanent, 47 
Migrations, permanent, from fluvia- 
tile realm to sea, 64 
Migrations, permanent, from sea to 
fluviatile realm, 63 
Migrations, permanent seaward, 60 
Migrations, permanent shoreward, 59 
Migrations, Pleistocene, 39 
Migrations, Pliocene, 39 


Migrations, racial, 47 
Migrations, temporary, from fluvia- 
tile realm to sea, 64 
Migrations, temporary, from sea to 
fluviatile realm, 63 
Migrations, temporary seaward, 62 
Migrations, temporary shoreward, 60 
Migratory routes. South America to 
and from, 621 
Miller, L. H., 382 
Milfi pedes, 24 
Milton, John, 4 

Mimicry, 129, 141, 180, 207-214 
Mimicry, aggressive, 212 
Mimicry, causes of, 213 
Mimicry, in desert forms, 369 
Mimicry, protective, 208 
Mimicry, protective, first tendency 
toward, 422 

Mimicry, protective, Wallace's condi- 
tions for, 212 

Mimicry, simulation of death, 212 

Mimicrj", warning, 210 

Minas Basin, tides in, 55 

Miocene camels, 616 

Miocene epoch, 45, 68, 70, 78, 624 

Miocene horses, 595 

Miocene tortoises, 42 

MiohippuSf 591, 594 

Mirabilis jalapa, 110 

Miring, 381 

Mississippian period, 69, 75, 76 
Mixosaurus nordenskjoldi, 296* 
Modern life, era of, 68, 70 
Modifications (characters), acquired, 
105, 143-150 

Modifications, for aquatic adapta- 
tion, 284-303 

Modifications, for cursorial adapta- 
tion, 263-274 

Modifications, for fossorial adapta- 
tion, 277-282 

Modifications, for scansorial adapta- 
tion, 307-313 

Modifications, for volant adaptation, 
316-322 

Modifications, in cave animals, 345 
Modifications, in cave animals, 
theories of, 346 
Moeritherium, 567-569*, 573 
Mceritherium lyonsi, 572* 

Moisture, decrease of, 192 
Moisture, effect of, on distribution, 39 
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Moisture, incresise of, 39, 192 
Moisture, lack of, 39 
Moisture conservation, in desert 
forms, 361 

Moisture-getting, in desert forms, 
360 

Mole-crickets, 409, 410* 

Mole-rats, 254, 278 
Moles, 26, 254, 276-279*, 280*, 282 
Moles, Cape golden, 254, 256, 276- 
279*, 280 

Moles,” marsupial, 256, 276, 278, 
279* 

Moles, slirew, 276 
Moles, true, 254 

Mollusca, 23, 46, 63, 187, 349, 387, 
552 

Mollusca, parasitic, 243 
Molluscoidea, 22, 32 
Moloch horridus, 361, 370* 
Momentum in variation, 530 
Mongolian race, 655 
Mongooses, 129, 520, 670 
Monkeys, 26, 46, 158, 516, 643 
Monkeys, capuchin, 312, 643, 646 
Monkeys, howler, 312, 643, 646 
Monkeys, New World, 312, 643, 645 
Monkeys, Old World, 643, 645, 647 
Monkeys, prehensile- tailed, 35 
Monkeys, South American, 646, 672 
Monkeys, spider, 312, 643, 646* 
Monkeys, squirrel-, 645 
Monoclonius, 466, 467, 487* 
Monodon, 301, 538, 548 
Monotremata, 26, 190, 192, 256 
Monotremata, fossorial, 276 
Mont Pel^e, eruption of, 122 
Morgan, T. H., 141 
Moropus, 632, 633 
Morpho, 197 
Morphogenesis, 179 
Morula, 171 

Mosaic account of creation, 4 
Mosasauria, 31, 61, 191, 203, 322, 
383, 461, 544 
Mosasaurs, 290, 300* 

Moseley, 315, 323 
Mosquitos, Anopheles, 237 
Moths, 133, 180, 202, 203, 205, 209, 
408, 421 

Moths, catocala-, 204 
Moths, cecropia-, 133 
Moths, dear-wing, 211 


Moths, geometrid, 208 
Moths, geometrid, larvse of, 180, 181* 
Moths, gypsy-, 126, 135 
Moths, hawk-, 199 
Moths, lima-, 133 
Moths, polyphemus-, 133 
Moths, silk- worm, 133, 139 
Mountain ranges, as barriers to dis- 
tribution, 36 

Mouth armament, in aquatic types. 
299 

Mud-skippers, 60, 441 
“Mulatto,” 98 
Mules, 116, Plate II 
Multituberculata, 502*, 504 
Mur ex, 187 
Murray, J., 350, 353 
Muschelkalk, 41 

Muscle structure, preserved in fossils, 
378 

Musk deer, 135, 259 
Musk oxen, 192 
Muskrat, 250, 253 
Mussels, 23, 354 
Mustangs, wild, 602 
Mustela mmtes, 519* 

Mustellidae, 520 
Mutationists, School of, 85 
Mutations, 85, 86, 89, 92, 118 
Mutilations, inheritance of, 146 
MutillidsD, 410 
Mycetes, 646 

Mylodon, 193, 336, 529, 636, 637* 
Mylodontidae, 636 
My odes leimnus, 282 
Myomeres, 433 
Myotis ludfugus, 339 
Myriapoda, 24, 404, 419 
Myrmecocystus melliger, 226 
Myrmecophiles, 221 
Myrmica hrevinoides, 227 
Mystaceti, 259, 537, 538, 540, 541, 
552-556 

Mytilaspis pomorum, 134* 

Mytilus phascolinus, 354 

Naegeli, 144, 152 

Nan-ling Range, as faunal barrier, 49 
Nanosaurus, 465, 466, 478 
Narwhals, 301, 538, 541, 548, 549 
Natural bridge of Virginia, 335 
Natural rafts, as means of dispersal, 
45, 46 
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Natural selection, see Selection, nat- 
ural 

Nature’s balance, 124 
Nautilicone, 393, 395 
Nautilids, rise of, 69 
Nautilinidae, 398 

Nautiloidea, 152, 184, 394, 396, 399 
Nautilus, 23, 24, 184, 185, 387, 391*, 
392*, 393*, 395, 397 
Nautilus, comparison of, with squid, 
391 

Nautilus, 387 

Nautilus pompilius, 392*, 393* 
Neanderthal man, 271, 678, 680- 
682*, 683*, 684, 688*, Plate XXXI 
Nearctic realm, 49, 50*, 51 
Nebraska “loess man,” 675 
Neck, shortening of, in aquatic types, 
291, 537 
Necturus, 101* 

Negroid race, 654 
Nekton, 31 
Nekton, aerial, 31, 46 
Nemathelminthes, 22, 237 
NeobaUena, 537, 552, 556 
NeohaUena marginata, 556 
Neoceratodus, 185, 447 
Neoceratodus, habits of, 444 
Neoceratodus for steri, 443, 444* 
Neo-Darwinian School, 84, 85, 143, 

151 

Neogaea, 50, 51, 252 
Neohip parion, 268* 

Neo-Lamarckian School, 143, 147 
Neotropical realm, 49, 50*, 51 
Nesodon, 629*, 632, 635 
Neurococle, 425, 426 
Neuroptera, 408, 412, 415 
New Guinea, zoogeographical realm 
represented in, 51 
Newman, Col., 125 
Newman, H. H., 152 
Newts, 42 

New York, fossil man in, 675 
New York Zoological Park, 565, 661 
New Zealand, zoogeographical realm 
represented in, 51 
Nimrauus, 524*, 525, 526 
Niobrara chalk, 383 
Noctiluca, 118 
Nodosaurus, 465, 485 
Nomarthra, 630 
Nopcsa, F., 492, 493 


Nordic race, 655 
Norse yellow dun pony, 602, 604 
North America, zoogeographical 
realms represented in, 49, 50* 
Nostrils, protection of, in desert 
forms, 368 

Nostrils, recession of, in aquatic 
forms, 293 
Nothosauria, 461 
N othrotherium, 376, 638 
N othrotherium shastense, Plate VI 
Notochord, 425, 426* 

Notogsea, 50*, 51, 252, 254, 632 
Notogifia, ancient fauna of, future of, 
256 

Notoryctes, 256, 279 
Notoryctes typhlops, 256, 278 
Notoungulata, 632 
Notoungulatcs, 635 
Nova Zembla, reindeer of, 45 
Nuculana, 452 
Nycticebus, 255 
Nyctosaurus, 494 
Nythosaurus larvatus, 498 

Obelia, 32* 

Ocelots, 640 
Octopoda, 394, 399, 402 
Octopus, 394, 403* 

Octopus, 23, 196, 205, 387 
Odontoceti, 259, 537, 540, 541, 544- 
552 

(Enothera lamarckiana, 89 
“Oil-bird,” 340 

Oldoway, East Africa, fossil man of, 
677 

Oligocene camels, 616 
Oligocene epoch, 68, 70, 78, 624 
Oligocene epoch, climate of, 594 
Oligocene horses, 594 
Oligocene whales, 540, 542 
“01m,” 342 

Ommastrephes, 401*, 402 
Oinasaurus, 465, 484 
Oneirodes, 356 
Onohippidium, 591, 599 
Oozes, deep-sea, 349 
Ophiops, 368 
Ophthalmosaurus, 301 
Opisthocoelia, 473 

Opossums, 26, 212, 249*, 254*, 255, 
257, 310, 312, 515, 630, 639, 641 
Opossums, water, 256 
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Orangs, 163, 648, 650, 651, 661, Plate 
XXVIII 

Orbigny, A., d', 5, 67 
Orbulina, 185 
Orcella, 552 
Orcinus, 216, 539, 552 
Ordiius orca, 551 
Orcinus rectipinna, 294* 

Ordovician period, 69, 70, 75 
Oreodontidie, 607 
Oreodonts, 607 
Oreotragus saltator^ 265 
Organisms, classification of, 17-34 
Organisms, classification of, bio- 
riomic, 26 

Organisms, classification of, zoologic, 
17 

Organisms, commensal, 27 
Organisms, dis{)(;rsal of, necessity for, 
36 

Organisms, distribution of, bathy- 
metric, 52-66 

Organisms, distribution of, geo- 
graphic, 35-51 

Organisms, distribution of, geologic, 
67-79 

Organisms, food supply of, 57 
Organisms, free-living, 26 
Organisms, interrelationships of, 
with other organisms, 26 
Organisms, interrelationships of, 
with physical environment, 30 
Organisms, parasitic, 27 
Organisms, symliiotic, 28 
Organs, analogous, 100 
Organs, brooding, 133* 

Organs, digestive, in cave animals, 
345 

Organs, for mating, 131 
Organs, homologous, 100, 101* 
Organs, locomotor, in male insects, 
135 

Organs, of special use, 135 
Organs, reciprocal, 135 
Organs, sound-producing, 133 
Organs, special sense, 133 
Organs, stridulating, 135 
Organs, vestigial, 102, 128 
Organs, vocal, 134 
Oriental realm, 50*, 51 
Origin of organisms, theories of, 3 
‘‘Origin of Species,’’ 14, 15 
Orioles, 204 


Ornithischia, 463, 465, 466, 467, 468* 
478-488 

Ornithischia, cursorial, 262 
Ornithischia, first record of, 478 
Ornitholestes, 465, 466, 470* 
Orniihomimus, 266, 465, 466, 471 
Ornithopoda, 465, 466, 478 
Ornilhorhyncfius, 26, 256, 277*, 444 
Ornithosuchus, 493 
OrokippuSy 591, 593* 

Orthoccracone, 393, 395, 396 
OrthoceraSy 395* 

Orthogenesis, 151-155 
Orthogenesis, contrasted with ortho- 
selection, 153 

Orthogenesis, explanations of, 152 
Orthogenesis, paleontological faints 
supporting, 155 

Ortliogenesis, resum6 of evidence for, 
153 

Orthoptera, 407, 410, 416, 421 
Ortho-selection, J 53 
Oryx, 217 

Osborn, II. F., 7, 8, 11, 12, 144, 155, 
164, 191, 194, 246, 337, 507, 577, 
584, 598, 650, 688, 689 
Ostracodermi, 427, 431, 432* 
Ostracods, 355 
Ostrea virginica, 131 
Ostriches, 28, 43, 170, 217, 272, 327 
Otariidfe, 298 
Otters, 253, 520 
Otters, sea-, 33, 62 
Ounce, 521 
Ova, 21, 91 

Over-specialization, 127, 153 
Over-specialization, as cause of ex- 
tinction, 194 

Owen, li.y 295, 473, 562, 563, 638 

Owls, 201, 340 

Ox, eye of, 534 

Oxen, 156, 338 

Oxyxna, 510 

Oxydactylus, 613, 618* 

Oysters, 23, 32, 100, 120, 131 

PachyrukhoSy 632 

Pacific islands, zoogeographical realm 
represented in, 51 
Packard A. H., 10, 144, 146, 416 
Paddles, ichthyosaur, 298* 
Palaeodictyoptera, 420, 421* 
Pabeomastodori) 571, 574 
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Palxophonus, 418 
Palxosauropus prirngevus, 453 
Palxoscincus, 465, 467 
Palearctic rcaliri, 49, 50*, 51 
Paleocene period, 68, 78, 623, 671 
Paleogeography, 385 
Paleogeography, South America of, 
621 

Paleolithic artists, 604 
Paleontology, 83, 152, 386 
Paleontology, evidence from, of evo- 
lution of man, 670-692 
Paleontology, facts from, supporting 
orthogenesis, 155 
Paleozoic, era, 69, 70, 74 
Paleozoic insects, 421* 

Paleozoology, 386 
Palpwe, 610 
Palingenesis, 179 

Paludina, su(!c.essiv(^ forms of, 19* 
Pampas fauna, 635-641 
Pampas formation, 626, 635 
Pan, 648, 651, 681* 

Pan pygmxus, 651, Plate XXIX 
Pan vetus, 686 
Panama canal, 621 
Panama, Isthmus of, as barrier, 44 
Panama, Isthmus of, as land bridge, 
44, 621 

Pancreatic juice, 140 
Pangenesis, Darwin’s theory of, 94 
Pangolins, 627, 630 
Panmixia, 103, 146, 346 
Pantodo7i, 323 
Panlolambda ,512 
Pantotheria, 503, 504 
Papilio nierope, 211, 213 
“Paradise Lost,” 4 
Parahippus, 591, 596 
Paraniechmi, 21, 91, 120 
Parainylodon, 382 
Para pith ecus, 672 
Parasites, 122, 229-245 
Parasites, bionomic classification of, 
229 

Parasites, crustacean, 242* 

Parasites, examples of, 236 
Parasites, external, 231 
Parasites, facultative, 230 
Parasites, immunity, 232 
Parasites, insect, 243 
Parasites, internal, 231 
Parasites, liver-fluke, 272 


Parasites, molluscan, 243 
Parasites, number of, 229 
Parasites, obligate, 230 
Parasit(3S, permanent, 230 
Parasites, tapeworm, 22, 230, 234, 
240, 241* 

Parasites, temporary, 229 
Panisites, tri(4iina, 230, 237, 238*, 239 
Parasites, vertebrab^, 244 
Parasitism, 229-245 
Parasitism, effect of, on the host, 231 
Parasitism, effect of, on the parasite, 

233 

Parasitism, nadir of, 235* 

Parasitism, value of recapitulation in, 

234 

Parasuchia, see Thecodontia, 461, 463 
Paratylopus, 613, 618 
Parenchyma 22 
Parcnitage, biparental, 91 
Parental characters, how inherited, 
105 

Parental conditions, transmission of, 
99 

Paris Museum, 560, 575 
Parker, G. li., 140, 142 
Parker and Plaswell, 21 
Parrots, 176, 311, 312 
Parthenog(*nesis, 91, 100 
Parihetria, 126 
Passeres, 537 

Patagium, 316-320, 329-331 
Patriocetidae, 556 
Patriocetus, 541 
Patriofelis, 509*, 510, 514 
Patten, W., 431, 432 
Pavo ci'istatus, 131 
Peacocks, 131, 197 
Pear, prickly, 364 
Peas, 107, 1 10 

Peas, contrasting characters of, 107 

Peccaries, 336, 606, 607, 640 

Pecora, 607 

Pedetes, 272 

Pediculati, 356 

Pegasiis volitans, 323 

Pelagic subrealm, 53*, 55, 57, 58 

Pelecypoda, 23, 32, 354 

Pelicans, 217 

Pelvic girdle, in scansorial forms, 308 
Pelycosauria (Theromorpha), 187, 
458 

Penguins, 48, 65, 293, 327, 539 
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Pennsylvanian period, 69, 75, 76 
Penycuik experiments, 98, 207 
PerameleSy 254 

Perch, climbing, 60, 441, 442* 
Periods, 70 

PeriophthalmuSy 60, 441 
Perissodactyla, 158, 508, 516, 517, 
557, 606, 634 

Perissodactyla, cursorial, 263 
Permian period, 69, 76 
Permian period, climate of, 274, 422, 
499 

Permian period, glaciation in, 73, 
275, 422, 499, 695 
Permian reptiles, 39, 274 
Perodipus, 272 
Peromysciis leucopuSj 340 
Petauroides, 329 
Petauroides volanSj 329 
p€taurus, 329 

Petaurus sciureus, 255, 330* 

Petrels, 61 
Petrifaction, 378 
Phalangers, 255, 630 
Phalangers, flying, 255, 329, 330* 
Phaneropleuron, 447 
Pharynx, perforated, 425, 426* 
PhascolarctoSf 254 
Phascolarctos dnereuSj 255 
Phascolomys, 282 
Phasmidae, 209, 421 
Pheasants, 204, 320* 

Phenacodtcs, 506*, 511, 559, 634 
Phenacodus prirmevuSy 510*, 511 
Phenacodus resartus, Plate XVIII 
Philadelphia, Academy of Natural 
Sciences, 652 

Philippines, zoogeographical realm 
represented in, 50*, 51 
“ Philosophic Zoologique,” 10 
Phiomia, 567, 568, 569*, 571, 573* 
574, 575 
PhlaocyoUf 520 
Phoca, 201 
Phocenaj 551 
Phocena communUf 551 
Phocidae, 298 
Phoenix dactylifera, 360 
Phora, 339 

Phosphorescence, see Luminescence 
Photoatomias guerneij 357* 
PhrynocephaXuSf 368, 371 
Phyla, 18 


Phylliumy 209* 

PhylloceraSj 397* 

Phylogeny, 11 

Physeter, 259, 301, 533, 538, 552, 55(> 
Physeter catodon, 543*, 545 
Physeteridae, 541, 544, 545 
Physeierula, 544 
Phytosaurs, 293 
Picea sucdnifera, 377 
Pigeons, 113, 197, 198, 328, Plate I 
Pigment, 195, 205 

Pigmentation, loss of, in cave ani- 
mals, 345 
Pigs, 254*, 607* 

Pigs, solid-hoofed, 89 
Pigs, wild, 121 
Pilot-fish, 28 

Piltdown man, 681*, 685, 686*, 687, 
Plate XXXI 
Pinnipedia, 291, 292, 518 
Pipa americana, 133 
Pipe-fishes, 133 
Pirsson, L. V., 366 
Pisces, see Fishes 
Pisum sativum f 107 
Pithecanthropus, 677-680 
Pithecanthropus erectus, 678-679*, 
Plate XXXI 

Placenta, 456; of marsupials, 254 
Placentalia, 508 
Placenticeras padjicum, 184 
Plagiaulax, 503 
Plankton, 30 
Plankton, aerial, 31 
Plankton, halo-, 31 
Plankton, limno-, 31 
Plankton, marine, 31 
Plankton, mero-, 33, 58 
Plankton, pseudo-, 34 
Plant-lice, 91, 408 
Plants, 349 

Plants, assimilating, 57, 58 
Plants, chlorophyl-bearing, 28 
Plants, coal, 75 

Plants, flowering, rise of, 68, 77 
Plants, green, 28 
Plants, land, first known, 75 
Plants, land, rise of, 68 
Plants, seed-bearing, 76 
Plasmodium, 237 
Plasmodium faldparum, 237 
Plasmodium malarias, 237 
Plasmodium vivax, 237 
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Platanista gangetica, 547, 548* 
PlatanistidsD, 541, 542, 547 
PlateosauruSj 465, 466, 472 
Platyhclminthes, 22, 239 
Platypus, 277*, 444 
Platyrrhiiii, 643, 645 
Pleistocene camels, 619 
Pleistocene epoch, 39, 68, 70, 79, 
625, 626, 637 

Pleistocene epoch, glacial chmate in, 
73 

Pleistocene epoch, migrations in, 39 
Pkustocene glacial period, 625, 626 
Pleistocene ground-sloths, 163, 636 
Pl(‘istocene horses, 600 
Pleistocene tortoistjs, 42 
Plesiosauria, 25, 31, 61, 159, 291, 294*, 
458, 461 

Plesippus, 591, 599 

Pleuroca^lus, 465, 466, 476 

Pliocene camels, 619 

Pliocene epoch, 39, 68, 70, 78, 625 

Pliocene epoch, migrations in, 39, 78 

Pliocene horses, 598 

Pliohippus, 591, 597, 599* 

Pliohippus pernixy 598* 

Pocock, 206 

Podokesaurus, 272, 465, 466, 469 
Podokesaurus holyokensis, 470* 
Podura, 407 

Poebrotheriiim, 613, 615*, 616 
Poebrotheriu7n labiatumy 616* 
Pogonomyrmex, 226 
Polacanthus, 465, 467, 484 
Pole-cats, 520 
Polyergus, 225 
Polyps, 22 

Polypterus, 442, 443, 447 
Polypterus hichir, 442 
Polypterus delheziy 442* 

Pompeii, 379 
PontisteSy 547 
Pontivagay 547 
Pontoporia, 547* 

Porcupine, Canada tree-, 309, 630,639 
Porcupines, 630, 641 
Porifera, 21 

Porpoises, 44, 63, 253, 291, 292*, 
299, 302, 538, 541, 547, 549, 551 
Port Kennedy Cave, 336 
Post-embryonic life, 172 
Post-glacial epoch, 68 
Potamogale, 253 


Potto, 312 

Pre-Cambrian time, 74 
Predentata, 466, 467, 468*, 497 
Prenatal influence, 98 
Prenolepis impariSy 226 
Pressure, as characteristic of abyssal 
realm, 58, 348 
Priacodon feroXy 503* 

Primal life, era of, 70 
Primates, 26, 192, 310, 508, 516, 639, 
643-655 

IVimates, ancestral stock of, 670 
Primates, classification of, 643 
Primates, definition of, 643 
Primates, descent of, from trees. 674, 
698 

Primates, distribution of, 40 
Primates, distril )Ution of, map show- 
ing, 671* 

Primates, Eocene, 40 
Primates, extinction of, in North 
America, 192 
Primates, flying, 333 
Primates, geologic record of, 671 
Primates, New World, 643, 645 
Primates, Old World, 643, 645 
Primates, origin of, 670 
Primates, scansorial 305 
Primitive life, era of, 70 
Primitive types, persistently, 185 
Primrose, Lamarck’s evening, 89 
Pro-Aves, 492*, 494 
Proboscidea, 623, 633, 640 
Proboscidea, see Elephants 
ProcameluSy 613, 615*, 617, 619 
ProcoinpsognaihuSy 465 
Proctodseum, 429 
ProcyoUy 305 
Procyonidffi, 305, 519 
Prodigality of production, 118 
ProductuSy 186 
Prodxictus giganteuSy 186 
Prodiictus horriduSy 187 
Proganosauria, see Mesosauria, 289 
Prong-buck, 153, 607 
PropaheohoplophoruSy 629*, 631 
ProphyseteTy 544 
PropithecuSy 333 
Propliopithecn^y 672 
Propulsion, methods of, in aquatic 
types, 294 
ProscorpiuSy 418 
Prosqnalodon, 544 
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Prosopis jiilijlora, 360 
Protephemerida, 421 
Proterothercs, 634 
Proterotheriidiie, 634 
Proterotherimn^ 634 
Proterozoic era, 69, 70, 74, 185 
Proterozoic era, glacial climate in, 73 
Proteus anguinus, 342*, 345, 352 
Prothy lacy mis, 628, 629* 
Protoblattoidea, 421 
Pvotoceras, 264 
Protoceratops, 465, 467, 488 
Protocetus, 542* 

Protocetus atavus, 542 
Protodonata, 421 
‘ ‘ Protodonata, ’^501 
Protohippus, 591, 597, 599 
ProtoUibis, 613 
Protomeryx, 613, 616, 617 
Protophyta, 18, 33, 69, 74 
Protoplasm, 90 
Protopterus, 445, 447 
Protoplerus annectans, 445* 
Protopterus annectans, habits of, 446 
Protorthoptera, 421 
Protosauria, 463 
Protosaurus, 463 
Prototheria, 26 

Protozoa, 18, 21, 31, 69, 74, 91, 96, 
144, 185, 190, 231, 236, 349, 350 
Protozoa, parasitic, 21, 231, 236 
Protylopus, 613-615*, 616 
Protypotherium, 629* 

Prozeuglodon, 542 
Prozeuglodon atrox, 300* 

Pseudxlurus, 525, 527 
Pseudo-horses, 634 
Pscudomorph, 378, 379* 
Pseudoneuroptera, 408, 409, 412 
Pseudopodia, 21 
Pseudorca, 539, 551, 552 
Pseudosuchia, 465 
Psithyrus, 222 
Psychozoic era, 68, 70, 79 
Ptarmigans, 200 
Ptenopus, 371 

Pteranodon, 321, 327, 383, 494 
Pteranodon longiceps, 327* 
Pterichthys milleri, 432* 
Pterodactyls, 101*, 314, 319, 320, 
321, 326*, 327* 333, 461, 494 
Pterodon, 510 
Pteromys, 330 


Ptcropod ooze, 349 
Pteropoda, 31, 539, 552 
Pteropus, 332 

Pterosauria, 25, 314, 317, 320, 321 
Ptilocercus, 670 
Ptilodus, 503 
Ptilodus gracilis, 502* 

Ptychozoon, 326 

Ptychozoon homaloccphalurn, 325* 
Pulse of life, 693-698 
Pulvinaria, 100 
Puma, 205, 521, 630, 640 
Pupa stage, in insects, 407 
Python, 102* 

Quagga, 98, 603 

Qualities, latent, or recessive, 96 
Qualities, potent, or dominant, 96 
Quaternary time, 68 
QuiescerKJC, characteristic of abyssal 
realm, 58, 348 

Rabbits, 198, 257 
Rabbits, cottontail, 203 
Rabbits, dissert, 372 
Rabbits, embryos of, 665* 

Rabl, C., 451 

Hachianectcs glaucus, 534, 554 
Rachianectidae, 541, 553, 554 
Racial cycle, 183-185 
Racial cycle, stages in, 183 
Raccoons, 264, 309, 519, 640 
Radiation, adaptive, see Adaptiv^i 
radiation 

Radiation, Australian, 254-257 
Radiation, contcanporaneous, 252 
Radiation, tooth, 258 
Radiation, tooth, diagram of, 248 
Radiations in time, successive, 257 
Radioactive substances, 72 
Radiolaria, 21, 31, 350 
Radiolaria, with symbiotic alg®, 29 
Radiolarian ooze, 350 
Rails, flightless, 327 
Rakornyliis, 613, 617 
Hana temporaria, 180 
Rancho La Brea, 382, 527, 529, 628 
Rangifer, 266 
Ranodon sihericiis, 451* 

Ratel, 278 

Ratita), 262, 272, 321, 496 
Rats, 26, 127 
Rattlesnakes, 370 
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Bays, 25 

Becapitulation, 179-185 
Bccapitulation, law of, 185 
Becapitulation, value of, 234 
Becognition marks, 198, 203 
Becombinations, 80, 118 
Bectrices or sbxu'ing feathers, 318 
Bed clay, 350 
Beind(H‘r, 45, 135, 206 
Bemig(;s or supporting feathers, 318 
Be j)rodiicti()n, 1 69 
Beproductive glands, 139 
Bcptiles, Age of, 460 
Beptilia, 25, 46, 76, 77, 101, 158, 159, 
170, 171, 176, 187, 190, 210, 248, 
455, 456 

Beptilia, absence of, in (jave fauna, 
341 

Beptilia, adaptive radiation of, 460 

Beptilia, aerial, 46, 461 

lleptilia, ainphilnous, 2S9, 461 

Beptilia, aquatic, 289, 461 

Beptilia, arboreal, 460 

Beptilia, beakc'd, 458 

Be]:)tilia, biptnlal, 271 

B(q)(ilia, cc'iitral form of, 460 

Beptilia, cursorial, 262 

Bept ilia, cynodont, 498*, 500, 501* 

Beptilia, desert, 368, 369, 370 

Beptilia, distril)ution of, 38, 41 

Beptilia, dominant, extinction of, 77 

Beptilia, eggs of, 455 

B(q)tilia, extnaiie specialization of, 68 

Beptilia, flying, 325 

Beptilia, flying, first, 77 

Beptilia, flying, rise of, 68 

Beptilia, foot of, 451* 

Beptilia, fossorial, 276, 461 
Beptilia, great, extinction of, 68 
Beptilia, land^ 77 
Beptilia, mammal-like, 25 
Beptilia, marine, 25, 31, 61 
Beptilia, origin of, 458 
Beptilia, Permian, 39, 274 
Beptilia, “poisonous,’’ 370 
Beptilia, primitive, rise of, 69 
Beptilia, rise of, 458-462 
Beptilia, scan serial, 304 
Beptilia, wing(Ml, 383 
Rhacophorus, 325 
Rhacophonis paradalis, 325 
Rhacophorus reinhardtii, 325* 
Rhamphorhynchus phyllurus, 326* 


Bheas, 43 
Rhinoceros^ 506* 

Bhinoceros, 26, 28, 88*, 102, 251, 265, 
266*, 530 

Bhinoceros, African, 251* 

Bhinoceros, black, 251* 

Bhinoceros, distribution of, 251 
Bhinoceros, Etruscan, 681 
Bhinoceros, pointed-mouth, 251* 
Bhinoceros, sciuare-inouth, 251* 
Bhinoctaos, white', 251* 

Bhinoceros, woolly, 376 
Rhinoceros hicornis, 251* 

Bhinoceros bird, 28 
Rhinoceros simus, 251* 

Rhinoceros tichorhinus, 376 
Bht)desian man, 684*, 685 
Bhynchoeephalia, 25, 458 
Rhytina, 297 
Br>a(4ies, 408-410 

Bodentia, 26, 272, 273, 306, 508, 
516, 630, 639, 641 
Bodentia, aquatic, 290 
Bodeaitia, bipcalal, 271 
Bodentia, cursorial, 263 
Bodemtia, flying, 330 
Bodentia, fossorial, 276 
Bodentia, scansorial, 305 
Bomanes, 20 
“Bomulus,” 98 

Boosevelt, T., 88, 201, 207, 217, 309, 
341, 603, 668 
Botifera, 22, 136 
Buminantia, 607 

Sal)er-tooth cats, see Cats, saber-tooth 
Saccultna, 26, 234, 236 
Saccidina carcini, 235* 

Sacrum, in aquatic types, 292 

Sage l)rush, 365 

Sage hen, 365 

Sagittal crest, 649 

Saguaix), 362, 364, 365, Plate IV 

Saguesa, 362 

Sahara Desert, 39, 49 

Saiga tartarica, 368* 

St. Hilaire, E. Geoffroy, 12, 13 
Salamanders, 25, 38, 42, 101*, 102, 449 
Salamanders, cave, 341. 342* 
Salamanders, embryos of, 664* 
Salamanders, epigean, 341* 
Salamanders, foot of, 452 
Salamanders, tiger, 202 
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Salamandra maculosa, 41 Sea-cow, Steller’s, 297, 532 

Salinity of seawater, lack of, as bar- Sea-crocodiles, 294, 297*, 461 
rier to distribution, 44 Sca-cucurnbers, 23, 354 

Salmon, 41, 48, 63, 64 Sea-cucumbers, larva of, 437* 

Salmon, D. L\, 232 Sea floor, 349 

Salsola tragus, 364 Sea-grasses, 60 

Saltationists, 85 Sea-horses, 133* 

Saltations, 85, 89 Sea-lilies, 23 

Salvelinus fontinalis, 203 Sea-lions, 48, 137, 293 

Sand, of deserts, defense against, 367 Sea-lizards, 300, 461. 544 


Sand-dollars, 23 
Sangre-de-dragon, 362, 365 
Santa Cruz fauna, 627-635 
Santa Cruz formation, 624, 625, 626 
Saprolegnia, 64 
Sarcodina, 21 
Sargassum, 34 
Sarsia eximia, 30* 

Saurischia, 463, 465-468*, 478 
Saurischia, cursorial, 262 
Saurolopkus, 482, 483* 

Sauropoda, 191, 461, 465, 466, 473- 
477, 490, 560, Plate XI 
Sauropterygia, 458 
Sauropus, 478 
Scaldicetus, 544 

Scansorial adaptation, see Adaptation, 
scansorial 

Scansorial animals, classification of, 
304 

Scapieira, 371 
Scaumenada, 447 
Scelidosaurus, 465, 467, 483 
Schizura mucronis, 209 
Schuchert, C., 67, 72, 73, 274, 275, 
385, 499, 662 
Sciuridae, 330 
Sciuropterus, 330 
Sciuropteriis volucella, 331* 

Sclater, W. L. and P. L., 49 
Scomberornorus maciilatus, 284, 285* 
Scorpions, 24, 76, 370, 404, 418, 420*, 
431 

Scorpions, first, 75 
Scorpions, rise of, 69 
Scott, W. B., 525, 527, 623, 627, 631, 
634 

Scyphozoa, 22 
ScyphulsB, 22 

Sea-anemones, 22, 33*, 89, 176 
Sea-butterflies, 349, 539, 552 
Sea-cows, 26, 61, 253, 273, 293, 299, 
516, 557, 558 


Sea-lizards, Galapagos, 62, 287, 288* 
462 

Sea-mosses, 23 
Sea-otters, 33, 62 
Sea-snakes, 43, 61, 462 
Sea-squirts, 24, 173, 174* 

Sea- turtles, 31, 61, 300 
Sea-urchins, 23, 33, 354 
Seals, 26, 31, 44, 62, 63, 201, 216, 253, 
259, 293, 539 
Seals, fur-, 48, 298 
Seals, hair, 298 
Seas, relic, 54, 63 
Seaweeds, 59 
Seed-bearing plants, 76 
Seeley, IL G., 473 
Segregation, 84 
Segregation, biologic, 84 
Segregation, physical, 84 
Segregation, physiologic, 84 
Segregation, psychologic, 84 
Selection, 15 

Selection, artificial, 112-117 
Selection, artificial, characteristics of 
forms produced by, 112 
Selection, artificial, examples of, 113 
Selection, artificial, factors of, 114 
Selection, artificial, limits of, 116, 117 
Selection, cessation of, 103, 104 
Selection, coincident, 164 
Selection, conscious, directed toward 
definite or special ends, 115 
Selection, conscious, of more desirable 
individuals, 115 

Selection, natural, 84, 88, 118-130, 
136, 693 

Selection, natural, definition of, 118 
Selection, natural, objections to, 129 
Selection, ortho-, 153 
Selection, reversal of, 103, 104 
Selection, sexual, 13, 85, 131-142 
Selection, sexual, alternative explana- 
tions for, 139 



INDEX 


737 


Selection, sexual, experimental evi- 
dence concerning, 139 
Selection, sexual, theory of, bases of, 
137 

Selection, sexual, theory of, diffi- 
culties in, 137 
Selection, unconscious, 114 
Selenia tetralunaria, 208 
Sellards, E. H., 676 
Selous, E. C., 207 
Sernnopitheciis, 648 
Senescence, 177 
Senility, 177, 186 
Sense organs, special, 133 
Senses, in camels, 610 
Senses, in desert animals, 372 
Senses, in elephants, 565 
Senses, in horses, 589 
Senses, in squid, 390 
Senses, in volant forms, 321 
Sepia, 394, 401* 

Sepia officinalis, 401* 

Sepioidea, 394, 400 
Sequoias, 176 

Sex attraction, special characters for, 
135 

Sex determination, 99 
Sex distinctions, primary, 131 
Sex distinctions, secondary, 131 
Sexual selection, sec Selection, sexual 
Shad, 41, 48, 63, 216 
Shallow-sea subrealm, 53*, 55 
Sharks, 25, 28, 76, 171, 190, 295, 352, 
355, 532 

Sharks, ancient, rise of, 69 

Sharks, Devonian, 378 

Sharks, Port Jackson, 185 

Sharks, teeth of, 350 

Shawnee Cave, 337, 338 

Sheep, 90, 115, 136, 257, 607, 697 

Sheep, Ancon, 90 

Sheep, big-horn, 154 

Sheep, of England, races of, 115 

Sheep ticks, 243 

Shelled animals, rise of, 69 

Sheridan beds, 626 

Shetland ponies, 145 

Shimer, H. W., 278 

Ship-lizard, 459* 

‘‘Ship of the desert,^^ 608 
Shoulder girdle, in volant forms, 321 
Shrews, 26, 254 
Shrimps, 355 


Shrimps, brine-, 148 
Sibbaldus, see Babenoptera 
Sibbaldus muscidus, 294, 553 
Signal marks, 198, 203 
Sikhs, 688 

Silk- worm moths, 139 
Silk-worms, 134, 145 
Silurian period, 69, 70, 75 
Silurian period, climate of, 73 
Siiverfish, 407 
Simia, 648 

Sirnia salyrus, 650, Plate XXVIII 
Simiidfe, 643, 647-649 
Sinanthropus, 678, 685 
Sinanthropus pekingrnsis, 677, 680 
Sinova, 510 
Siph*)nophora, 32 

Sirenia, 26, 291. 292, 295, 299, 516, 
532, 557 
Sirens, 42 

Siwalik formation, 619 
Size, as cause of extinction, 193 
Size, huge, in racial senescence, 152 
Size, in aquatic forms, 302 
Size, relative increase of, 186 
Skull, in aquatic types, 291 
Skull, in elephants, 561* 

Skull, in horses, 5^^ 

Skull modification, in aquatic types, 
291 

Skunks, 371, 640 
Sleeping sickness, 192, 233, 602 
Sloths, 26, 35, 193, 272, 306*, 308*, 
312, 515, 631, 636, 641 
Sloths, ground-, 45, 163, 376, 631, 
636, Plate VI 
Sloths, three-toed, 312 
Sloths, tree, 163, 306*-308*, 312, 631 
Sloths, two-toed, 312 
Smelt, 41 
Smerinthus, 202 

Smilodon, 486, 522*, 524*, 525, 528- 
530, 638, 640, 643 
Smilodon califomicus, 527 
Smilodon neogseus, 529*, Plate XX 
Smith, J. P., 183 
Snails, 19, 23, 76, 84, 100, 201 
Snakes, 25, 43, 121, 122, 171, 210, 
262, 277, 456, 461, 462 
Snakes, cobra, 202, 210 
Snakes, coral, 202 
Snakes, desert, 276, 368 
Snakes, flying, 326 
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Snakes, hog-nose, 211, 278 
Snakes, northern limit of, 38 
Snakes, sea-, 43, 61, 462 
Solenopsis rnolesta, 226 
Solutre, remains of horses at, 604 
Somatoplasm, 95*, 96 
Sonora Desert, 360, 362 
Sotalia, 550 
Sotalia teiiziiy 550 

South America, as adaptive radiation 
center, 252 

South America, coimected with 
Africa, 622 

South America, connected with Aus- 
tralia, 622 

South America, connected with North 
America, 44, 622 
South America, extent of, 621 
South America, mammal radiation, 
621-641 

South America, zoogeographical realm 
renresented in, 49, 50* 

South Amiirican fauna, 35, 42, 43 
South American fauna, migrations of, 
into N orth America, 45, 48 
South American fauna, origin of, 515, 
627 

South American lung-fishes, 446 
South American monkeys, 639, 645, 
646, 672 

Spalacotherium, 503 
Spalax typhlus, 278 
Sparrassodonts, 628 
Sparrow, English, 125 
Special creation, 3, 4, 7, 8 
Species, 18, 20, 21 
Species, definition of, 20, 21 
Species, dimorphic, 211 
Species, Huxley’s test of, 18 
Species, ontogenetic, 149, 150 
Speed, in aquatic forms, 302 
Speed, in cursorial forms, 270 
Speed, in desert animals, 274, 371 
Spelerpes longicauda, 341* 

Spelerpes maculicauda, 341 
Spelerpes stejnegeri, 341 
Spencer, Herbert, 144 
Spermatozoa, 21, 91 
Sphenodon, 25, 185, 187, 192, 462,666 
Sphinx convolvuli, 199 
Spiders, 24, 76, 212, 377, 404 
Spiders, trap-door, 370 
Spinax niger, 355 


Spinescence, 187 

Spinescence, in desert animals, 369 
Spinescence, in desert plants, 364 
Spirifer, 187 
Spirilla, 394, 400, 401* 

Spirulirostra, 40 1 * 

Spitzbergen, zoogeographical realm 
represented in, 49 
Spleiui, 140 
Spondylus, 187 
Sponges, 21, 32, 44, 354, 378 
Spore-bearing plants, 76 
Spores, 21, 237 
Sporozoa, 21, 236 
Springtails, 407 
Spy, man of, 682 
Squalodon, 543*, 544 
SqualodontidiB, 541, 544 
Squamata, 25, 262, 290, 458 
Squamata, adaptive radiation of, 461 
Squid, 23, 44, 196, 216, 387, 388*, 
402* 

Squid, anatomy of, 389* 

Squid, color of, 391 
Scpiid, giant, 186, 402* 

Squid, head and arms of, 387 
Squid, ink-sac of, 389*, 390 
Squid, locomotor organs of, 390 
Squid, mantle cavity of, 388 
Squid, mouth of, 388 
Squid, sense organs of, 390 
Squid, shell of, 391 
Squid, structure of, 387-391 
Squid, suckers of, 388 
Squirrels, 46, 305, 309 
Squirrels, flying, 2.53, 255, 305, 312 
Squirrels, sugar,” 2.55 
Stag-beetles, 135 
Stanford University, 221 
Starfishes, 23, 44, 89, 354 
Starfishes, larva of, 437* 

Steaiornis caripensis, 340 
Stegocephalia, 25, 182, 440, 449, 454* 
Stegodon, 567, 569*, 571, 579 
Stegodon clifti, 579 
Stegomastodon latidens, 579 
Stegosauria, 465, 467, 482 
Stegosaurus, 188, 265, 464, 465, 467, 
484*, 485*, 490, 660 
Stegosaurus ungulatus, 484*, Plate 
XIII 

Stegotherium, 629*, 630 
Steinach, 140 
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Stenodactylus, 371 
Stenodictya lohata, 421* 

Stenornylus, 613, 617* 

Sternum, in volant forms, 321 
Sticklebacks, 148* 

Stomiatida3, 355 
Stomockeuni, 429 
Stone-flies, 413 
Strand, 55 
Strepsiptera, 243 
Stridulating organs, 135 
Struggle for existence, 72, 120 
Struggle for existence, environmental, 
122 

Struggle for existence, interspecific, 
121 

Struggle for existence, intraspecific, 
120 

Struthiorriimus, 189, 464, 465, 471 
Sturgeon, 48, 63, 189 
Stygicola, 345 
Styracosa unis, 4S7* 

Styx liiver. Mammoth Cave, 338 
Suar(‘.z, Father, 4 
Subkingdoms, of organisms, 17, 18 
Successive creations, repopulation by, 
3, 6 

Suez, Isthmus of, as land bridge, 44 
Suidae, 607 

Sumatra, zoogeographical realms rep- 
resented in, 50*, 51 
Sunlight, depth of water penetrated 
by, 57 

Suprarenal capsulc^s, 140 
Surra sickness, 192, 602 
Survival of the existing, 127 
Survival of the fittest, 123 
Sus, 506 
Sus scrofa, 607* 

Susa, 547 

Sustaining surface, in volant forms, 
316 

Suture line, in nautilus, 393 
Swallows, 61 

Swallows, house-, speed of, 329 
Swamp-dwelling, influence of, 39 
Swans, 176 
Swifts, speed of, 329 
Swim-bladder, 60, 286, 441-443, 445 
Swim-bladder, primal function of, 286 
Swine, 259, 275, 278, 607 
Symbiosis, 28, 215 
Syrnmetrodonta, 503, 504 


Symmetry, bilateral, 33 
Syndactyly, 310 
fSyngnathus, 133 
Syrphus-flies, 211 

Tachygenesis, 179, 181 
Tmiia, 240 

Tsniia saginata, 230, 242 
Tienia solium, 230, 241* 

Tseniodonta, 257, 508 
Tirnioldbis, 503 
Tahiti, land snails of, 20, 84 
Tail, in aquatic typt.'S, 285, 287, 291, 
295. 296*, 297 
Tail, in cursorial types, 272 
Tail, in fossorial types, 277 
Tail, in man, 067 
Tail, in si^ansorial forms, 312 
Tail, prehensile, 310, 311*, 312 
Tail-driven types, 291 
Tail f)ropuision, 294 
Talpa, 278, 281 
Talpa europxa, 279*, 280* 

Tamandua, 312 
Tanystropheus, 465 
Tapeworms, 22, 230, 234, 241* 
Tapirs, 35, 201, 205, 336, 636 
Tarantulas, 370 
Tardigrada, 631 
Tarpan, 591, 602 
Tarsi(‘rs, 644, 645* 

Tarsius, 309, 644 
Tarsiiis spectrum, 645* 

Tasmania, zoogeographical realm rep- 
resented in, 51 

Tasmanian wolf, 124, 136, 193, 194, 
255, 257, 508 

Taxonomic classification, 17 

Tayassu, 606 

Teeth, bunodont, 607 

Teeth, buno-selenodont, 607 

Teeth, carnassial, 258*, 508, 518, 565 

Teeth, herbivorous, 259 

Teeth, heterodont, 258* 

Teeth, highly specialized, as cause of 
extinction, 193 
Teeth, in aquatic forms, 299 
Teeth, in fossorial forms, 279 
Teeth, insectivorous, 259 
Teeth, loss of, as sign of degeneracy, 
189 

Teeth, myrmecophagous, 260 
Teeth, of camels, 609 
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Teeth, of elephants, 561 *-563*, 567, 
569* 

Teeth, of Felinse, 521 
Teeth, of horses, 586, 587*, 588* 
Teeth, of man, 656, 658 
Teeth, omnivorous, 260 
Teeth, selenodont, 607 
Telegony, 98 

Teleostei, 25, 190, 441, 443 
Temperature, influence of, on dis- 
tribution, 37, 38 

Temperature, of Atlantic Ocean, 58 
Temperature, of Mediterranean Sea, 
58 

Temperature extremes, in deserts, 367 

Tentacles, 22 

Teratology, 97 

Teratoscincus, 368, 371 

Termes hellicosus, 221 

Termes flavipes, 220 

Termes lucifugxiSj 219* 

Termites, 218-221, 408, 423 
Termitophiles, 221 
Terns, 61, 201 
Tertiary birds, 495 
Tertiary fossil fields, 381 
Tertiary insects, 423 
Tertiary mastodons, 575 
Tertiary Proboscidea, 572 
Tertiary radiation of mammals, 257 
Tertiary sediments, mode of deposi- 
tion of, 122 

Tertiary time, 45, 68, 185 
Tetrabelodon, 575 

Tetrahelodon angustidens, 575, Plate 
XXII 

Tetrabranchiata, 394, 395 
Tetrabranchiata, evolution of, 399 
Tetrabranchiata, geological history 
of, 395 

Tetracerus quadricomis, 89 
Teiralophodon, 571, 575, 577 
Thalattosauria, 294, 461 
Thalattosuchia, 294, 295, 297*, 461 
Thecodontia, 458, see also Parasuchia 
Theosodon, 629*, 634, 635 
Theromorpha, 25, see also Pelyco- 
sauria 

Theropoda, 465, 466, 469 
Thinopus antiquus, 75, 450, 451* 
Thistles, Russian, 364 
Thoatherium, 154, 629*, 635 
Thommiaj 503 


Thomson, J. A., 29, 56, 57, 64, 91, 93, 
118, 127, 130, 148, 175, 176,205,236 
Thoracopterus, 325 
Thylacines, 639 

Thxjlacxjnus^ 124, 136, 193, 255, 508, 
628, 639 

Thymus bodies, 140 
Thyroid glands, 140 
Thysanura, 406, 407, 409, 417 
Tidal zone, 55 
Tiger-cats, 46 
Tiger salamanders, 202 
Tigers, 37, 43, 121, 200, 521, 531 
Tinoceras ingens, 514* 

Tinodon, 503 
Titanosaurus, 465 
Titanotheres, 102, 155, 193 
Toads, 25, 38, 42, 173, 181, 449 
Toads, horned, 369, 462 
Toads, Surinam, 133 
Tomaria, larva, 437* 

Torosaurus, 465, 467, 486, 487* 
Torote, 362 
Tortoises, 25, 42, 176 
Tortoises, embryos of, 664* 

Tortoises, Galapagos, 42, 84 
Toxodon, 632, 635-637* 

Toxodontia, 632 
Toxodonts, 633 

Trachodon, see Anatosaurus, and 
Hadrosaurus 
Tragulids, 607 
Trematodes, 22 
Treviranus, 11 
Triarthrxis hecki, 419* 

Triassic dinosaurs, 489 
Triassic period, 68, 70, 77 
Triassic period, climate of, 73 
Triceratops, 265, 462, 465, 467, 486, 
487*, 488* 

Trichina spiralis, 237, 238* 

Trichina worm, 230, 238, 239 
Triconodon, 502 
Triconodonta, 502, 504 
Triconodonts, 502 
Trilobites, 404, 418, 419*, 420* 
Trilobites, dominance of, 69 
Trilophodon, 569*, 571, 575, 576* 
7'rilophodon angustidens, 575, Plate 
XXII 

Trilophodon lulli, 576* 

Trilophodon productus, 576 
Trilophodonts, 568 
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Tritemnodoriy 509* 

Triton t^niatus, 452* 

Trituberculata, 503* 

TritylodoUf 503 
Trochelminthes, 22 
Trout, brook, 41, 203, 205 
Trouvelot, L., 126 
Trypanosoma theileri, 233* 
Trypanosomes, 233 
Trypanosomiasis, 233 
Tschermak, 106 
Tsetse fly, 233 
Tuatera, 185 

Tuberculosis organism, 230 
Tullberg, 540 

Tunicates, 24, 32, 173, 174*, 434*-436 
Turbellaria, 22 
Turbots, 119 
Tursio, 551 
Tursiops, 551 
Tursiops tursio, 536*, 551 
Turtles, 25, 189, 289, 294, 458, 461 
Turtles, marine, 42, 61, 288, 289*, 
300, 461 

Turtles, northern limit of, 38 
Turtles, sea-, 31, 300 
Turtles, snapping, 159 
Tusks, 154 
Tylopoda, 608 

Tylopoda, characteristics of, 608 
Typhlichthys suhterraneus, 343 
Typhlomolge rathbuni, 341, 342* 
Typhlops, 368, 461, 462 
Typhlotriton spelaeus, 341 
Typotheres, 635 
Typotheria, 632 
Typotherium, 633 

Tyrannosaurus, 186, 288, 302, 465, 
466, 471*, 486, 488 
Tyrannosaurus rex, Plate IX 

Uintatherium, 506*, 512, 513-515, 525 
Undina, 443 

Ungulata, 26, 557, 632, 633, 640 
Ungulata, cursorial, 263 
Ungulata, fossorial, 277 
Uniformitarian school, 11 
Unio, 243 

United States National Museum, 
473, 481 
Univalves, 23 
Urodela, 25 
UromastiXf 462 


Uronemus, 447 
Ursid®, see Bears 
Ursus arctos, 519* 

Use and disuse, law of, 143 

Van Dyke, J. C., 361, 364, 369, 372 
Varanus, 462 
Variation, 83, 85-92 
Variation, causes of, 90 
Variation, inherent tendency to, 90 
Variations, acquired, 86 
Variations, constitutional limitations 
on, 154 

Variations, continuous, 88 
Variations, Darwinian, 88 
Variations, determinate, 87 
Variations, discontinuous, 88, 89 
V^ariations, due to mutilation or dis- 
ease, 146 

Variations, germinal, 86, 87, 90 
Variations, germinal, causes of, 90 
Variations, indeterminate, 87 
Variations, meristic, 89 
Variations, ontogenetic, 147 
Variations, orthogenetic, 87, 104, 151, 
530 

Variations, parallelisms in, 153 
Variations, sorts of, 86 
Varieties, 18, 19, 20 
Veddas, 639 

Venom, in desert forms, 369 
Vermiform appendix, 662, 663* 
Vertebra), simplification of, in aquatic 
types, 291 

Vertebral column, 158 
Vertebrate skeleton, mechanics of, 156 
Vertebrates, 18, 24, 101, 119, 187, 195 
Vertebrates, amphibious, 287 
Vertebrates, ancestral stocks of, 428 
Vertebrates, aquatic, 289 
Vertebrates, Chamberlin's theory re- 
garding origin of, 427 
Vertebrates, characteristics of, 642 
Vertebrates, cursorial, 262 
Vertebrates, deep-sea, 355 
Vertebrates, definition of, 425 
Vertebrates, embryos of, 456*, 664*, 
665* 

Vertebrates, emergence of, 694 
Vertebrates, emergence of, fossil 
record of, 452 

Vertebrates, emergence of, summary 
of, 454 
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Vertebrates, first skeletal remains of, 
453 

Vertebrates, flying, 322 
Vertebrates, flying, derivation of, 304 
Vertebrates, fossil footprints of, 380, 
451, 452 

Vertebrates, fossorial, 276 
Vertebrates, origin of, 425-438, 694 
Vertebrates, origin of, })lace of, 427 
Vertebrates, origin of, time of, 427 
Vertebrates, parasitic, 244 
Vertebrates, primarily aquatic, 284 
Vertebrates, secondarily aquatic, 286, 
289 

Vertebrates, terrestrial, ancestry of, 448 
Vertebrates, terrestrial, changes in, 
upon emergence, 449 
Vertebrates, terrestrial, rise of, 69 
Vertebrates, theory of Amphioxus 
ancestry of, 432 

Vertebrates, theory of annelid an- 
cestry of, 428 
diagram illustrating, 429* 
Vertebrates, theory of arthropod an- 
cestry of, 431 

Vertebrates, transition of, from 
aquatic to terrestrial life, 60 
Vesperiilio noctula, 332* 

Vestigial organs, 102, 128 
Vesuvius, 379 
Vicuna, 612, 640 
Viverra, 520 
Viverridae, 520 

Volant adaptation, see Adaptaiioriy 
volant 

Volcanic ash, fossils in, 381 
Vries, H. de, 12, 85, 90, 106 
Vulpes fulvis, 198 
Vulpes vulgaris y 20 

Wagner, M., 15 
Wallace, A. R., 14, 120, 212 
Wall and rock climbers, 305 
Walnuts, 116 
Walrus, 201, 293 

Wasps, 135, 218, 369, 370, 408-410 
Water, large bodies of, as barriers to 
dispersal, 41 
Weasels, 200, 520 

Weisrnaiin, A., 16, 84, 94, 95, 104, 
143, 144, 146, 150, 213, 244 
Weyer’s Cave, flora of, 399 
Whalebone, 291, 301 


Whales, 26, 31, 43, 61, 63, 97, 102, 
159, 216, 250, 253, 259, 273, 282, 
291-295, 299, 303, 402, 516 
Whales, aberrant, 538, 540 
Whales, ancestral whalebone, 541 
Whales, Archseoceti, 541-544 
Whales, archaic, 541 
Whales, baleen, 299, 301, 537, 539, 

540, 552 

Whales, baleen, jaws of, 537 
Whalers, beaked, 541, 542, 545 
Whales, blow-hole of, 534 
Whales, blubber of, 534 
Whales, blue, 541, 552, 553 
Whales, bottle-nose, 541, 546 
Whales, bowhead, 555* 

Whales, brain of, 660 
Whales, cachalot, 533, 535, 539, 541, 
543*, 545, 556, see also W hales y 
sperm 

Whales, caflng, 301 
Whales, California gray, see also 
Pacific grapy 534, 553 
Whales, “case’^ of, 545 
Whales, charac^teristics of, 532 
Whales, contour of, 532 
Whales, cosmopolitan, 539 
Whales, cow, 538, 541, 546 
Whales, cranium of, 536 
Whales, creodont anccjstry of, 532 
Whales, dermal ossicles of, 549 
Whales, destruction of, 545 
Whales, distribution of, 545 
Whales, dorsal fin of, 534 
Whales, duration of submergence of, 
535 

Whales, ear of, 534 

Whales, embryo, 102, 301 

Whales, evidence of evolution of, 540 

Whales, eye of, 534 

Whales, firmer, 541 

Whales, flukes of, 532, 533, 535 

Whales, fcetal hair of, 534 

Whales, fore limbs of, 533 

Whales, Greenland, 187, 534, 539, 

541, 551, 555*, 556 
Whales, habits of, 539 
Whales, head of, 535 
Whales, hind limbs of, 533 
Whales, humpback, 97, 298, 533, 538, 

541, 553, 555* 

Whales, humpback, vestigial hind 
limbs of, 533 
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Whales, killer, 216, 294*, 539, 541, 
551 

Whales, lesser killer, 539 
Whales, long-beaked, 541 
WhaU^s, milk glands of, 538 
Whales, Mystaceti, 541, 552-556 
Whales, nostrils of, 535 
Whales, Odontoceti, 541, 544-552 
Whales, ontogeny of, 540 
Whales, Pacific gray, see also Cali- 
fornia gray, 541, 554 
Whales, pectorals of, 533 
Whales, phylogeny of, 541 
Whales, place in nature of, 532 
Whales, pygmy right, 537, 552, 556 
Whales, pygmy sperm, 541, 542, 545, 
556 

Whales, right, 294, 534, 541, 553, 
554 

Whales, rorqual, 541, 553 
Whakis, sei, 553 
Whales, shark-toothed, 541 
Whales, size of, 538 
Whales, skeleton of, 536 
Whales, skin of, 534 
Whales, skull of, 536 
Whales, southern right, 541, 556 
Whales, sperm, 87, 259, 299, 301, 
534, 535, 538, 541, 544-546, 551, 
552, see also Whales, cachalot 
Whales, sperm, distribution of, 565 
Whales, sperm, speed of, 545 
Whales, si)erniaceti of, 545 
Whales, spout of, 535 
Whales, sulphur-bottom, 187, 294, 
302*, 534, 553 

Whales, systematic review of, 540 
Whales, teeth of, 538, 540 
Whales, telescoping of skull of, 536 
Whales, toothed, 291, 301 
Whales, tympanic bulla of, 535 
Whak^s, vertebral column of, 537 
Whak\s, whalebone, 31, 259, 535, 
538, 541 

Whales, white, 294, 299, 534, 542, 
548*, sec also Beluga 
Whaling, steam, 539 
Wheel animalcules, 136 
Wheeler, W. M., 223, 224, 226, 227 
Wiedersheim, R., 102, 136, 669 
Wieland, G. R., 378 
Wiesner, 94 
Wild-cat, 201 
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Wilder, H. H., 429, 430, 432, 435, 
436, 451 
Willey, A., 361 

Williston, S. W., 294, 454, 485, 676 
Wilson, E. B., 170 
Wind-borne material, fossils in, 381 
Winds, as means of distribution of or- 
ganisms, 46 

Wings, in volant forms, 318 
Wings, of bats, 318 
Wings, of birds, 319 
Wings, of insects, 101*, 416 
Wings, of insects, origin of, from 
tracheal gills, 416 
Wings, of pterodactyls, 319 
Wings, types of, 101 
“Wolf teeth,” 586 

Wolves, 18, 20, 45, 121, 216, 258*, 
518, 628, 639, 697 
Wolves, fox-like, 640 
Wolves, Tasmanian, 628 
Wombats, 278, 282 
Woodchucks, 252, 278 
Woodpeckers, 311, 312* 

Woodruff, L. L., 91, 96, 120 
Woodward, A. Smith, 186, 685 
Woodworth, C. W., 417 
Worms, 195, 230, 234, 237 
Worms, earth, 23, 428 
Worms, Hat-, 22, 239 
Worms, inch-, 180 
Worms, marine, 23, 428 
Worms, measuring, 208 
Worms, parasitic, 22, 234, 237 
Worms, round-, 237 
Worms, silk-, 110, 134, 145 
Worms, thread-, 22 
Wyandotte Cave, 336, 338, 339 

Xenarthra, 630 

Yaleosaiiriis, 472 

Yale Peabody Museum, 163, 376, 
383, 452, 472, 475, 481, 484, 495, 
564, 578, 584, 586, 593, 600, 617, 
619, 633, 638 
“Yellow cells,” 29 

Zanclodon, 466, 472 
Zebras, 28, 200, 206, 207, 217, 591, 
603, 633 

Zebras, Burcheirs, 207, 603 
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Zebras, mountain, 603 
Zebras, quagga, 603 
Zebus, 19 
Zeuglodon, 542 
Zeuglodon osiriSf 543*, 544 
Zeuglodonts, 294, 300*, 535, 536, 
538, 541 


Ziphiidse, 542, 545 
Ziphius, 301, 546 
Zoochlorcllffi, 29 

Zoogeographical realms, 37, 49, 50**^ 
Zodids, 22 
Zoonomia, 10 
Zodxanthella), 29 









